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Fundamental Research in Welding 


In order to keep the members of 
the American Welding Society fully 
informed as to the activities of the 
American Bureau of Welding there 
is reproduced below extracts from the 
minutes of a conference held in Phil- 
adelphia on Wednesday, Oct. 10, in 
connection with the Fall Meeting of 
the Society. There were present at 
this conference some ten university 
professors, including two from the 
Pacific Coast. 

This conference was made possible 
by contributions of $100 each from 
the following individuals and com- 
panies: Air Reduction Sales Com- 
pany, Babcock & Wilcox Company, 
General Electric Company, F. 
Llewellyn, Metal & Thermit Corpora- 
tion, J. A. Roebling’s Sons Company, 
Union Carbide & Carbon Corp. 

This money was used to defray the 
transportation expenses of the pro- 
fessors that attended the conference. 
Members of the Society are urged to 
study the minutes given below and 
make suggestions for additional fun- 
damental research problems that 
might logically be undertaken in such 
universities. All suggestions received 
will be very carefully considered. 


MINUTES OF FUNDAMENTAL 
RESEARCH COMMITTEE OF 
AMERICAN BUREAU OF 

WELDING 


Oct. 10, 1928, Philadelphia 
H. M, Hopart, Chairman 


1. The purpose, activities and plans 
of the Fundamental Research Com- 
mittee of the American Bureau of 
Welding, and the purpose of the 
meeting were outlined by Chairman 
Hobart, as follows. 

The American Bureau of Welding 
has committees working on various 
applications of welding in industry. 
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Among these committees may be men- 
tioned (1) The Pressure Vessel Com- 
mittee, (2) The Structural Steel 
Committee, (3) The Welded Rail 
Joint Committee. In these cases, the 
subdivision is on the basis of the par 
ticular application. They all have re- 
search problems and they are busy 
solving them. The work of the Fun- 
damental Research Committee is more 
general. Instead of trying to express 
it in a definition, I will give examples 
of some of the investigations in which 
it is interested. We have the San 
Francisco Section represented here 
today by Professor Moser of Leland 
Stanford University, making some 
very important investigations of the 
effect of temperature on the strength 
of welds. The conclusions which 
they will reach will be of much im 
portance in several applications, such 
as in welds in high temperature pip- 
ing and in high pressure boilers and 


in various chemical processes. Pro- 
fessor Thornton, who is here from 
Washington State University, is 
studying the resistance of welded 
joints to fatigue. His results will be 


of fundamental importance in all ap- 
plications where the stresses are be- 
ing repeatedly varied or reversed or 
are subjected to vibration. Other 
laboratories are investigating, or will 
be investigating, as applied to weld- 
ing, such matters as preheating, post- 
heating and hammering and their ef- 
fects on the quality and structure of 
the weld. Others are investigating 
the conditions in the metal in the 
neighborhood of the weld. 

It has been suggested by Mr. Lunn 
that following along the just welded 
joint with a hammering process 
would improve the weld. Other pro- 
cedures also suggest themselves. I 
will assume, for example, that pre- 
heating is to be investigated. When 
we undertake to map out the investi- 
gation we shall remember that pre- 
heating is a broad term. Some kinds 
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might make the weld better and other 
kinds might make it worse. If the 
San Francisco Section were to take 
up such a research and if Professor 
Moser came back next year to tell us 
about it, I doubt if he could simply 
say “Preheating made the welds bet- 
ter” or “Preheating made the welds 
worse.” He would probably have a 
lot more curves and other particulars, 
such as the results of examinations of 
the condition of the material in the 
neighborhood of the weld. His new 
curves and new information would 
doubtless add considerably to our 
knowledge, but chiefly it would serve 
to suggest further things which need 
to be investigated and which are not 
suggested by the results at present 
obtained. 

And so it always will be with any 
investigation which we analyze. The 
gradual but slow increase in our ac- 
cumulation of knowledge will always 
be completely out-stripped by the 
rapid increase in our realization of 
our ignorance. And when all of us 
here are snugly tucked away under 
the daisies our successors with an in- 
finitely greater accumulation of 
knowledge will be also heirs to a 
vastly more infinitely great realiza- 
tion of their ignorance. 

To illustrate the objective of our 
committee I am going to call first on 
three or four of our members to tell 
of some of the difficulties which they 
have encountered in their practical 
work in welding and to suggest what 
sort of further fundamental re- 
searches they would like to have us 
undertake to help them in overcoming 
these difficulties. 

2. Problems Suggested by Welding 
Experts. The chairman of the com- 
mittee then called upon welding ex- 
perts to suggest problems needing in- 
vestigations. Some of the problems 
mentioned are: (1) Weldability of 
steel. (2) Best method of welding 
heavy steel. (3) Quality of electrodes. 
(4) Inspection of welds during proc- 
ess of welding, after the weld is com- 
pleted, and nondestructive tests of 
welds. (5) Effect of peening on qual- 
ity of welds. (6) Annealing of welds. 
(7) Shapes suitable for welding in 
structural steel work. (8) Funda- 
mental investigations on quality of 
welding flame. (9) Magnetic disturb- 
ances in arc welding. (10) Examina- 
tion of spots in spot welding. (11) 
Cast iron welding. (12) Are stream 
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investigations. (13) Variations of 
welding wire as affecting penetration, 
density of welds and spattering. 

3. The chairman then called upon 
various professors to state the prob- 
lems that they are working on; re- 
sults they have obtained; their plans 
for the immediate future; what they 
need in the way of help, either in 
the formulation of their problems or 
tests assistance. A summary of the 
replies are as follows: 

Professor Krivobok, 
stitute of Technology, Pittsburgh. 
Professor Krivobok stated that he 
was making a.study of a structure 
of the metal adjacent to the welded 
surface in resistance welds and in 
atomic hydrogen welds and also the 
strength cf the material near and at 
the weld. The work has been carried 
on by a graduate student from Ger- 
many, Mr. Kuettner. This work will 
now be continued by other graduate 
students. All the facilities that are 
needed in this work, namely, testing 
machines, microscope, polishing 
equipment, etc., are available at Car- 
negie Institute of Technology. 


Carnegie In- 


The first task was to prepare a 
bibliography on the subject and to 


study the literature. This investiga- 
tion would also be continued on some 
new specimens which were furnished 


and which included welds made by 
various methods. A progress report 
on the preliminary investigation 


would be available very shortly for 
publication. 

Professor Moser, Leland Stanford 
University, Stanford University, Cal. 
Professor Moser stated that his in 
vestigational work was confined to a 
study of welds at elevated tempera 


tures. Various welding wire (gas 
and electric) were used in making u! 
test specimens in mild steel plate, 


which were tested cold and also at an 


elevated temperature in order to 
eliminate those wires which were 
poor. Test specimens were ther 


made up with the better grades of 
wire and were pulled at various tem- 
peratures ranging from room tem 
peratures to a 1000 deg. F. Simila: 
studies were made on the parent 
metal. The first report of the commit- 
tee was published in the September, 
1927, issue of the JouRNAL. Two ad 
ditional reports were published in the 
September, 1928, issue of the JourR- 
NAL. In general, it could be stated 
that good welds behave very sim 
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ilarly to the parent metal during the 
various ranges of temperatures. The 
strength of the welds and parent 
metal increased slightly with increase 
in temperature up to about 600 deg. 
F., after which it fell off sharply so 
that at about 1000 deg. F. it was only 
about 50 per cent of the strength at 
room temperature. 

Professor Moser stated 
tional investigations might be made 
on other wires and various methods 
of slow and rapid testing. This work 
was carried out in cooperation with 
the local committee of the San Fran- 
cisco Section of the American Weld- 
ing Society and Leland Stanford Uni- 
versity. 

Professor Thornton, State College 
of Washington, Pullman, Wash. 
Professor Thornton stated that the 
present research work under his di- 
rection included fatigue, tension and 
ductility tests of welded specimens to 
determine, if possible, a safe stress for 
welded materials. Arc welds, atomic 
hydrogen welds, resistance welds, gas 
welds and thermit welds were being 
investigated. A number of specimens 
have been furnished to date, but a 
great deal of machine work was re- 
quired in making these up in the 
shape necessary for testing. The 
progress of the investigational work 
was handicapped because of the large 
amount of machine work necessary. 
He suggested that a great deal more 
could be done if the American Bureau 
of Welding could arrange to take 
care of this machine work. Professor 
Thornton stated that he had in op- 
eration a battery of some ten fatigue 
testing machines of the Farmer va- 
riety. M. B. Butler, of the American 
Chain Company, volunteered to ma- 
chine some of the specimens. 

Chairman Hobart appointed Mr. 
Butler as chairman of a small com- 
mittee to arrange for this mchine 
work, 

Note: Other suggested members of 
the committee were J. J. Crowe, A. M. 
Candy, J. C. Lincoln, W. L. Warner. 

L. Allen, of the McClintic-Marshall 
Company, kindly volunteered to do 
some of the machining. 

Professor Demorest, The Ohio State 
University, Columbus, Ohio. Profes- 
sor Demorest advised by letter that 
the problem that he was particularly 
interested in concerned how much 
gases (nitrogen, oxygen and hydro- 
gen) are absorbed by the metal dur- 


that addi- 
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ing welding. Some progress has been 
made by him in determining the 
amount of gases which are merely 
mechanically held as compared with 
the amount which is chemically com- 
bined in the welding. 

Professor Upson, University of 
Washington, St. Louis. Professor 
Upson stated that he has not yet for- 
mulated a specific problem that he 
would like to undertake for investi- 
gation. He stated, however, that he 
had given considerable attention to 
just what the university could do in 
this matter of fundamental research. 
Professor Upson’s remarks are as 
follows: 

“The essential elements for welding 
research in the university are per- 
sonnel and facilities. 

“Many universities cannot be ex- 
pected to undertake such research for 
the following reasons: 


1. The faculty members have not suf 


ficient free time 
2. Undergraduate students are not 
capable of such work, even as as 


sistants 

Universities POSSESS few facilitie 
for such research as requires equip 
ment other than that which is 
in routine laboratory instruction 


“Fully 75 per cent of our universi- 
ties and technical schools—possibly 95 
per cent—could be eliminated from 
consideration on the basis of present 
availability for undertaking welding 
research. 

“Let us suppose that in some one 
university a desire to begin research 
in this field exists. What are the 
conditions which should be met? 


1. There should be some one member 
of the faculty in metallurgical, ele 
trical, civil or mechanical engineer 
ine, who can devote as much as one 

preferably two or three day's 
time per week to the work 

2. He should have associated with him 
as active assistant, one or two full 
or half-time research students. Such 
research students might well be the 
holders of graduate scholarships or 
assistantships of sufficient value to 
defray their actual living expenses 
There should be sufficient wood up- 
to-date equipment to enable these 
men to perform ordinary welding 
operations and to become familiar 
with various phases of the we'ding 
phenomena It is assumed also that 
there would be adequate available 
space, power and shop facilities 


used 


“These conditions can best be met 
as follows: 


1. The university must provide the 
faculty member. the laboratory, 
space, power and general! facilities 


and apparatus 
The special apparatus for welding 
and research and the scholarship 


re 
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(if necessary), the 


university may 
not be able to provide Money for 
these purposes may be found else- 
where, especially from among steel 
companies, or others, who are di- 
rectly interested in the practical 


application and the advancement of 
welding Manufacturers of welding 
apparatus can and should cooperate 
at least to this extent—that they 


will provide on the most favorable 
terms possible, the desired welding 
equipment to any university recom- 


mended to them by the Research 


Committee.” 

Professor Newcombe, University of 
Toronto, Canada. Professor New- 
combe advised by letter that he was 
making some preliminary investiga- 
tions as to the effect of current den- 
sity and microstructures on strength 
of welds. In order to do this a known 
grade of steel (A. S. T. M. A78) would 
be welded in one layer using a low, 
intermediate and high current den- 
sity. Microstructures would be taken 
from the weld, from the deposited 
metal and the adjacent metal. Me- 
chanical tests would also be made. 

Professor Norton, Massachusetts 
Institute of Technology, Cambridge, 


Mass. Professor Norton stated that 
the preliminary portion of the re- 
search on the structure of welded 


joints by X-ray methods which is to 
be undertaken at the Massachusetts 
Institute of Technology has been ar- 
ranged as follows: Samples of welded 
joints about 18 in. long are to be pre- 
pared in steel plate of various thick- 
nesses less than lin. Several welding 
methods are to be used, and two sam- 
ples of each kind will be made. One 
is made according to the best stand- 
ard practice, and the other inten- 
tionally defective so that it will be 
possible to show what the various de- 
fects would look like if they were 


present. These samples will be ra- 
diographed and the negatives care- 
fully compared. The samples will 


then be cut up into coupons, and sub- 
jected to the various forms of phys- 
ical testing, macroscopic and micro- 
scopic examination. The purpose of 
this study is to indicate exactly what 
may be expected of the radiographic 
method as well as its limitations, and 
to provide as much data about the 
samples as possible by the better 
known methods which will assist in 
the interpretation of the X-ray re- 
sults. It is further intended to ex- 
tend the work into the field of light 
alloys and the less common methods 
of welding, and also to undertake a 
study of the residual stresses in 
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welds by the 


method. 

Professor Doan, Lehigh University, 
Bethlehem, Pa. Professor Doan ad- 
vised that he had completed or nearly 
completed the following studies: 


1. The best balance at the cathode of 
the iron are in air, as used in con 
mercial welding. This study at 
tacks the metal electrode proces 
from the standpoint of the energy, 
changes involved at the electrod 
tip, rather than that of the materia! 
changes (chemical and physical) 
This approach has been neglected 
heretofore and it now promises t 
add new light to our knowledge of 
are phenomena. 

2. A study of the flowing 

metal electrodes This subject cor 

tains several patentable develor 

ments and cannot, therefore, be r:« 

released at the present time 

Heat distribution between 

and anode when these are 

composition for each pai 


X-ray diffraction 


properties of 


eathods 
alike 
r, but pairs 


are made up of the various pur 
metals For instance, copper anod 
and cathode; nickel anode and 


cathode, etc. 
t. The properties of 
trodes. This 
to establish 
the effect of 


pure iron ele 
work is being carried 
exact knowledge 
impurities in electrod 
steel upon the welding properti« 
The General Electric Company ha 
supplied electrode of spectrascopica 
ly pure, degasified iron After the 
welding properties of this pure ma 
terial are determined, then the con 
mercial impurities will be added on 
at a time to determine their effects 
Carbon arc welding, especially th 
question of carbon transfer, is being 
studied quantitatively. 4, repor 
should be ready before Christmas 
Professor L. H. Crook, Catholv 
University, Washington, D. C. Pro 
fessor Crook advised by letter tha 
his investigations have been in con 
nection with the work of the Welded 
Rail Joint Committee. The first inves 
tigation dealt with determining crit 
ical points of stresses or distortions 
in a welded rail joint. Strain gaug: 
readings were taken in various po! 
tions of the rail and joint plate be 
fore welding, after welding and un- 
der a bending load. A number o! 
critical points were determined. The 
distortions were so large that it was 
the opinion of many that the differ- 
ence in strain gauge readings could 
not represent stress measurements 
Additional investigations were mad 
on a flat steel plate 8 in. x 24 in. x 
% in. thick. Readings were taken 01 
2 in. gauge points distributed ove: 
the flat plate in regular rows, befor 
the welding operation, after deposit 
ing a small welded bead along th« 
edge of the plate and again after por 
tions of the plates were cut away 
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Changes in the value of the strain 
gauge were noted. A report of this 
investigation is published in the 
Sixth Progress Report of the Welded 
Rail Joint Committee and in the Oc- 
tober, 1928, issue of the JOURNAL of 
the American Welding Society. 

Professor Crook stated that he ex- 
pected to continue this investigation 
by using a normalized plate and also 
one on which no bead had been de- 
posited. 

Professor T. R. Lawson, Rensselaer 
Polytechnic Institute, Troy, N. Y. 
Professor Lawson reported that his 
investigations were in connection with 
the work of the Rail Joint Committee 
and dealt with determination of crit- 
ical points of stresses in distortions 
in rail joints, caused by the heat of 
welding and by the character of the 
welded joint. The readings were taken 
before welding, after the welding 
and on loading by bending. A num- 
ber of critical points were deter- 
mined and the results agreed very 
closely with those made by Professor 
Crook of Catholic University. Pro- 
fessor Lawson stated that it was dif- 
ficult to interpret the changes as 
measured by the strain gauge. 

Additional investigations would be 
made on flat plate machined from the 
rail one of which would be normal- 
ized. Professor Lawson stated that 
he would work in cooperation with 
the General Electric Company and 
with the Boston Elevated Railway in 
carrying out this work. 


Steel Fabricators Meet at Beloxi 


The American Institute of Steel 
Construction met during the latter 
part of November at Biloxi, Miss., 
devoting the first few days of the 
week to business sessions and the lat- 
ter part to entertainment. Two pa- 
pers were presented of interest to the 
welding industry, one dealing with 
“Welding of Structural Steel” and 
the other with “Flame Cutting.” 
There is reproduced below extracts 
from an account of this meeting ap- 
pearing in The Iron Age in so far as 
it relates to these two sessions. 


Progress in Steel Welding © 


_ Fred T. Llewellyn, president Amer- 
ican Welding Society. in discussing 
welding as a fabricating tool, pointed 
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out that experiments demonstrate 
conclusively that welding has a place 
in steel construction work. Wherever 
it is necessary to eliminate noise as 
much as possible, as in the case of ad- 
ditions to hospitals and similar struc- 
tures, welding has been used with suc- 
cess. It remains now to demonstrate 
the possible economies. 

Mr. Llewellyn said that experiments 
have produced the following conclu- 
sions: 

Standard grades of structural steel can 


be satisfactorily welded. 
The welding operation does not adverse- 
ly affect standard structural grades of 


base metal. 

Methods of making welds by different 
processes have been standardized to a 
considerable extent. 


The unit values for the strength of 
welded joints can be readily determined 

The practical soundness of a welded 
joint can be insured without destructive 
tests. 

The economic adventage of welding 


varies with different classes of work 


Mr. Llewellyn expresses the opinion 
that whereas welded structures seem 
to be feasible the relative costs are 
not yet on a plane with riveted steel, 
nor has the skilled workmanship nec- 
essary proved available. 


Flame Cutting of Structural 

Declared Economical 

Flame cutting of structural steel 
has been found to be practical and 
economical, according to J. R. Dawson, 
metallurgical engineer of the Union 
Carbide & Carbon Corporation, in a 

aper read before the convention. 
The paper was prepared by S. W. 
Miller and J. R. Dawson, and was il- 
lustrated and demonstrated by the 
use of apparatus set up for this oc- 
casion. 

“In many instances,” said Mr. Daw- 
son, “cutting structural steel with the 
oxy-acetylene blowpipe saves time and 
money. The demands of economy 
have enlarged its use to such an ex- 
tent that general interest has been 
aroused ameng those concerned with 
steel construction. Numerous theo- 
ries, both favorable and adverse, 
about the effect of the flame cutting, 
have been advanced to support the 
opinions of those interested in the 
matter.” 

Many tests were described and il- 
lustrated from which Mr. Dawson 
concluded: 

“All flame cuts should be made as 
smoothly as possible. 

“Structural steel is not injured by 
smooth flame cuts such as are pro- 


Steel 
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duced with a shape cutting machine 
or other apparatus for getting steady 
travel of the cutting blowpipe and 
such as can be secured by experienced 
operators. 

“Hand cut structural steel is not 
damaged in the material itself, but 
depending on the extent of the irreg- 
ularity of the cut, the elongation ob- 
tained in bending the rough surface 
is less by a small amount than the 
elongation with milled or machine cut 
specimens.” 


What Makes a Good Joint? 


From De« 6, 1928, issue of The Iron Age 


At the recent meeting of the Inter- 
national Acetylene Association, a man 
ufacturer of refrigerating equipment 
stated that in the last five years not a 
single leaky weld had left his shop. A 
steam heating contractor also testified 
that no leaks had been reported in his 
welded installations in an equal length 
of time, nor cou'd he imagine the cir 
cumstances which would induce one of 
his workmen to make a defective joint. 
A past president of the American 
Welding Society and a pioneer in the 
industry has stated publicly on many 
occasions that he has never heard of 
a failure in a weld 


made under pro- 
cedure control. An executive of a 
company which has arc-welded hun- 


dreds of stills for petroleum refineries 
said that not one had proved defective 
at the joints, despite continued use at 
high temperature and pressure. 

Over against this remarkable testi- 
mony must be placed the exhibit at a 
Government bureau, containing dozens 
of electric and gas “welds” which 
failed in service. We must consider 
the well-nigh universal feeling among 
the older engineers that the “weld is 
no better than the welder,” and that 
even the best workman has his blue 
Mondays. Lastly, many have had un- 
satisfactory experiences with the re- 
pair man who attempted to fix a 
broken lawn mower, a gas engine 
block, or a piece of household equip- 
ment. 

The reason for this contradictory 
situation is that the first four men re- 
ferred to joints made under procedure 
contro]—that is, joints made with due 
consideration for the quality of the 
metal being welded, the design of the 
article, the welder’s skill and equip- 
ment, his supervision, and the final in- 
spection and test. All of these essen- 
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tials are the result of good manage- 
ment. With them the result is sat- 
isfactory—would be satisfactory, in- 
deed, no matter what the operation 
might be. 

Riveting requires the same elements 
of procedure control. As the presi- 
dent of the Welding Society (who is 
closely connected with a leading steel 
fabricator) has pointed out, engineers 
and the public generally accept rivet- 
ing not because an inspector has 
tapped each rivet head, but because 
long experience has shown that rivet- 
ing in the hands of an honest organ- 
ization makes dependable joints. 

Only a similar experience with com- 
petitive processes will yield a similar 
confidence, and eventually prove the 
soundness of welded joints. The cus 
tomers of the first four gentlemen 
quoted are part of this growing body 
of opinion. 


Annual Meeting of International 
Association 


At the twenty-ninth convention of 
the International Acetylene Associa- 
tion, held in Chicago Nov. 14 to 16, 
Herbert L. Whittemore of the United 
States Bureau of Standards was 
awarded the Morehead Medal for 
“outstanding research work in weld 
ing.” 

New officers elected are president, 
L. F. Loutrel, Shawinigan Products 
Corporation, New York; vice-presi 


dent, C. A. McCune, Page Steel & 


Wire Co., Bridgeport, Conn.; and 
secretary, A. C. Morrison, Union 
Carbide & Carbon Corporation, New 


York. 
Use of Acetylene 


Much discussion centered about the 
present status of the industry. Pro 
fessor J. D. Hoffman, head of th: 
Department of Practical Mechanics, 
Purdue University, Lafayette, Ind., 
presented figures indicating the 
growth of the welding industry since 
war times. 

The oxy-acetylene committee of the 
association presented a 106-page re 
port outlining the status of welding in 
various industries. 

At a meeting held jointly with the 
Gas Products Association the prob 
lem of expanding these production ap 
plications, by education or advertis 
ing. was discussed at length. 
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Industrial and Refrigeration Piping 


Three papers on this general sub- 
ject were presented. A. F. Hoesel, 
chief engineer Peerless Ice Machine 
Co., Chicago, told how the manufac- 
turers of refrigerating equipment and 
ice making machines had gradually 
expanded the use of welded joints. 

This same economic consideration 
was urged by J. H. Zink, vice-presi- 
dent Heat & Power Corporation, 
Baltimore, who said that first cost of 
a welded pipe installation could be 
higher than a screw coupled and 
flanged job, and yet competitive bids 
could be placed, because the piping 
contractor using welding was thereby 
relieved of the necessity of repairing 
leaks in an installation during the 
guarantee period. 

F. E. Sellman, Servel, Inc., New 
York, described the methods used to 
train welders for domestic refrigera- 
tion. 


Modern Swiss Welding Practices 


A paper of the above title was pre- 
sented by Prof. C. F. Keel, director 
of the Swiss Acetylene Association, 
Basel, Switzerland. His association is 
of semi-official character, being dele- 
gated with the authority to establish 
safety regulations and to make bian- 
nual inspections of all oxy-acetylene 
installations. In addition it conducts 
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As a result of exhaustive tests, 
Swiss purchasers and engineers have 
removed all restrictions on the use of 
welding as a method of joining on 
boilers and pressure vessels, as long 
as the work is done in a plant known 
to utilize approved practices. 

Welding technique as standardized 
in Switzer'and is quite different from 
that accepted as best practice in 
America. Single vee butt welds are 
used, even on heavy plate, beveled to 
a 60-deg. opening. The blowpipe, pro- 
ducing a large flame having a con- 
siderable excess of oxygen, is held 
steadily at the very bottom of the vee, 
and the welding rod rubbed vigorously 
back and forth in the advaneing pud- 
die of molten metal. 


Bronze Welding Rod 


It has been found by A. R. Lytle, 
Union Carbide & Carbon Research 
Laboratories, Long Island City, N. Y.., 
that if 0.5 per cent silicon is added to 
best brass welding rod the volatiliza- 
tion of zinc during welding is almost 
entirely prevented. Furthermore, such 
a rod when melted into a joint in alpha 
brass or admiralty brass pipe will 
check the boiling and zine vaporiza- 
tion, and produce a strong union free 
from porosity. 

I. T. Hook, research department, 
American Brass Co., Ansonia, Conn., 
described some experiments on steel, 


cooperative welding researches and a welded with bronze while under in- 
school for welders. ternal stress. 
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NEW MEMBERS 


For the Menths of September, Octo- 
ber and November, 1928 


Boston 
Class B 


A. L. Combs, District Manager, Linde 
Air Products Co., 1017 Old South 
Bldg., Boston, Mass. 

James L. Faden, Industrial Heating 
Engineer, The Edison Electric Ll- 
lumination Co. of Boston, 39 Boyl- 
ston Street, Boston, Mass. 


Class C 

R. M. Fullerton, General Superinten- 
dent, B. F. Structural Company, 
(res.) 31 Belvoir Rd., Milton, Mass. 

A. R. Lawrence, Development Engi- 
neer, E. B. Badges & Sons, 75 Pitts 
Street, Boston, Mass. 

John S. Oberg, Welding Foreman, 
Repair Shop, United Electric Ry. 
Co., Cranston, R. I. 

N. Redfern, Welder, Brown & Sharpe 
Mfg. Co., (res.) 12 West Park 
Street, Providence, R. 1. 

Stickney, Foundry Superinten 

dent, United Shoe Machinery 

Corp., (res.) Beverly, Mass. 


Geo. 


Magnus Unger, Electrical Engineer, 
General Electric Company, (res.) 
51 Lineoln Terrace, Pittsfield, Mass. 


Class D 

George F. Gibson, Foreman Welder, 
B. & M. Railroad, 723 Hyde Park 
Avenue, Roslindale, Mass. 

Joseph E. Lodge, Welder, General 
Electric Company, (res.) 32 Wil- 
liam Street, Stoneham, Mass. 

CANADIAN 
Class B 

Parlour, Engineer of Mate- 

Canadian General Electric 

(res.) Peterboro, Ont., 


Geo, S. 
rials, 
Company, 
Canada. 

Class D 
Stanley Boyes, Electric Welder, P. O. 
Box 43, Kitchener, Ont., Canada. 
CHICAGO 
Class B 
Charles J. Hobart, Mechanical Engi- 


neer, Link-Belt Company, 303 W. 
Pershing Road, Chicago, Il. 


South Oak Park Avenue, Oak Park, 
Ill. 

F. H. Stanhope, 
U. S. Engineers, 
Chain, Il. 


Engineer, 
Grand 


Welding 
(res.) 


Class C 


E. P. Bestler, Superintendent, Ray- 
mond Bros. Impact Pulverizer Com- 
pany, (res.) 1022 Leclaire Avenue, 
Chicago, Ill. 


Class D 


A. A. Bernard, Welding Foreman, 
Raymond Bros. Impact Pulverize: 
Co., (res.) 2439 W. Forty-sixth 


Street, Chicago, Ill. 
Frank Teschner, Welder, U. S. Navy, 
Aviation Mechanics School, Great 


Lakes, Ill. 
CLEVELAND 


Class B 


John Muir, District Engineer, Quasi- 
Arc, Incorporated, (res.) 1220 
Clifton Blvd., Lakewood, Ohio. 

Class D 

Edward T. Scott, Partner, Cleveland 
Welding School, 2094 E. Nineteent! 
Street, Cleveland, Ohio. 

E. W. Balduf, Manager, Erie Weld 
ing Company, 18 West Forty 
eighth Street, Erie, Pa. 

I. R. Goede, Acetylene Welder, Ran 
dall & Scott Welding Service, (res.) 


10119 Detroit Avenue, Cleveland, 
Ohio. 
L. P. Henderson, Salesman, Lincoln 


Electric Company, (res.) 20 Grove 
land Avenue, Minneapolis, Minn. 
C. A. Luley, Acetylene Welder, Ran- 
dall & Seott Welding Service, (res.) 
1040 No. Main Street, Akron, Ohio 
S. J. Stanley, Acetylene Welder, Su 


perior Welding Company, (res.) 
2064 East Twenty-second Street 
Cleveland, Ohio. 

DETROIT 

Class B 
P. W. Fassler, Manager, Electri 


Welding Department, Fisher Body 


Corporation, Plant 7-W, Detroit 
Mich. 
Class D 
E. H. Horton, Welder, General Ele: 


tric Company, (res.) 12115 Otseg 
Avenue, Detroit, Mich. 
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Los ANGELES 
Class C 

John W. Downs, Proprietor, Downs 
Brothers, Inc., 1726 E. Washington 
Street, Los Angeles, Cal. 

P. A. Horn, Welding Engineer, Union 
Iron Works, (res.) 121 W. Eighty- 
fifth Street, Los Angeles, Cal. 


NEw YORK 
Class B 
H. F. Hughes, President, The Elec- 
tric Welding Co. of America, Foot 
of Court Street, Brooklyn, N. Y. 


Class C 

E. H. Hewson, Welding Supervisor, 
Worthington Pump & Machinery 
Corp., Harrison, N. J. 

S. L. Jacobson, Civil Engineer, Room 
1605, 31 Union Square, New York 
City. 

Class D 

H. G. Hughey, Jr., Materials Engi- 
neer, U. S. Navy Yard, (res.) 199 
Galston Avenue, Brooklyn, N. Y. 


NORTHERN NEW YORK 
Class D 
R. H. Wilke, General Electric Com- 
pany, (res.) 212 McClellan Street, 
Schenectady, N. Y. 
WESTERN NEW YORK 
Class B 
Wm. F. Reinhold, Structural Engi- 
neer, Buffalo General Electric Com- 
pany, (res.) 641 Riley Street, Buf- 
falo, N. Y. 
Class C 
E. H. Merritt, Manufacturer, Merritt 
Eng. & Sales Company, 120 S. Ni- 
agara Street, Lockport, N. Y. 


PHILADELPHIA 
Class B 
S. N. Seibert, Manager, Reading En- 
gineering Works, 32 N. Second 
Street, Reading, Pa. 
H. B. Shup, Trumbauersville, Pa. 


Class C 

C. T. MeLaughlin, Welding Foreman, 
Reading Steel Casting Company, 
Reading, Pa. 

B. D. Weller, Welder, Weller Bros., 
Charlestown, W. Va. 

W. A. Slater, Fritz Engineering Lab- 
oratory, Lehigh University, Beth- 
lehem, Pa. 

F. A. Given, Foreman, Bethlehem 
Steel Company, (res.) 705 N. Front 
Street, Steelton, Pa. 
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PITTSBURGH 
Class B 


George C. Campbell, Engineer, Mc- 
Clintic-Marshall Steel Supply Co., 
Carnegie, Pa. 

A. Milne, Metallurgical Engineer, 
Jones & Laughlin Steel Corp., Pitts 
burgh, Pa. 

Class C 


R. H. Noderer, Chief Chemist, Lorain 
Steel Company, Johnstown, Pa. 


PORTLAND 
Class C 


Lester L. Davis, Salesman, J. E. Ha- 
seltine & Company, (res.) 43 Sec- 
ond Street, Portland, Ore. 


SAN FRANCISCO 
Class D 


George A, Cairns, Welder, 35 McCop 
pin Street, San Francisco, Cal. 


SOCIETY 
Class B 


Wm. H. Bassett, Metallurgist, The 
American Brass Company, Water- 
bury, Conn. 

L. H. Crook, Professor Mechanics, 
Catholic University of America, 
(res.) 1325 Jefferson Street, N. W., 
Washington, D. C. 

A. J. Davies, District Engineer, 
Quasi-Arc, Incorporated, (res.) 1946 
Manada Street, Harrisburg, Pa. 

A. M. Meyers, Chief Engineer, Kan- 
sas City Structural Steel Company, 
Kansas City, Kan. 

Robert B. Swope, President, Southern 
Oxygen Company, South Washing- 
ton, Va. 

Class C 


C. Arnoldson, Jr., Engineer of Ways, 
Havana Electric Railway Co., P. O. 
Box 697, Havana, Cuba. 

H. C. Bird, Professor of Civil Engi- 
neering, Duke University, Durham, 
N. C. 

J. B. Cunningham, Welding Foreman, 
American Rolling Mill Company, 
(res.) 2910 Newman Street, Ash- 
land, Ky. 

M. W. Jones, Vice-President, Jones 
Everett Machine Company, P. 0. 
Box 706, Pampa, Tex. 

J. B. Ramsey, Blacksmith, Chesa- 
ge & Ohio Ry. Co., Rainelle, 

. Va. 


G. W. Woods, Chemist, Hughes Tool 
Company, Houston, Tex. 
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Class D 
C. S. Anderson, Foreman, Pennsy!- 
vania Furnace & Iron Co., Warren, 
Pa. 
James Livingston, 
Hollidays Cove, 
W. Va. 


Electric 
General 


Welder, 


Delivery, 
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R. Lunke, Electric Welder, La Crosse 


Boiler Co., (res.) 717 Charles 
Street, La Crosse, Wis. 

L. E. Thomas, Acetylene Welder, 
C. B. & O.’R.R., (res.) 1142 S. Ash 
Street, Casper, Wyo. 


SECTION ACTIVITIES 


Chicago 


The regular monthly meetings of 
the Chicago Section of the American 
Welding Society started in Septem- 
ber when Dr. L. Andren of the Amer- 
ican Chain Company addressed the 
Society on “Welding Metallurgy.” F. 
J. Maeurer of the Air Reduction Sales 
Company read a paper at the Octo- 
ber meeting entitled “Controlling 
Quality in Pipe Line Welding.” The 
following meeting on Nov. 2 was held 
in the auditorium of the new En- 
gineering Building and was addressed 


by C. V. Eckridge of the Linde Air 
Products Company. The topic of Mr. 
Eckridge’s paper was “Oxy-Acety- 


lene Welding of Steel.’ 

J. B. Green, president of the Fusion 
Welding Corporation, Chicago, is 
scheduled to address the December 


meeting to be held Friday evening, 
Dec. 7. Mr. Green’s paper will be 
“Fundamentals Which Control the 


Physical Properties of Weld Metal.” 
His paper will be illustrated with lan 
tern slides and will be of interest to 
users of all forms of welding. On 
Jan. 7 the Chicago Section of the 
American Welding Society will meet 
with the Western Society of En- 
gineers in the auditorium of the En- 
gineering Building, Chicago. J. D. 
Fish, consulting engineer of Black 
Gap, Pa., will talk on welding build- 
ings and bridge structures. 

A speaker from the Lincoln Electric 
Company has been scheduled for the 
Feb. 1 meeting. The three remaining 
sessions of the season have not as yet 
been assigned definitely. 

Following previous custom the 
meetings have been opened with in- 


dustrial films on varied subjects, 
which have secured a great deal of 
interest. 


Cleveland 


The December meeting of the Cleve- 
land Section of the American Weld 


ing Society promises to be a most in- 
teresting one, as it will be a joint 
meeting with the Cleveland Section 
of the American Society of Heating 
and Ventilating Engineers. This 
meeting will be held on Tuesday even- 
ing, Dec. 18. 

Horace E. Wetzell, Jr., of the 
Cleveland firm of Smith & Oby, will 
be the chief sneaker and will tell of 
recent developments in the pipe weld- 
ing industry on large Cleveland build- 
ings. It is also hoped that some films 
depicting pipe welding will be secured. 

The meeting will be held in th 
Cleveland Engineering Society's 
rooms at 1220 Huron Road, Cleveland, 
Ohio. 


Los Angeles 


The Los Angeles Section he'd a ver 
interesting meeting on Tuesday, Nov 
20. Gilbert D. Fish, consulting er 
gineer, Westinghouse Electric & Mfg 
Co., was the speaker of the evening. 
Mr. Fish is a specialist on welded 
buildings and bridges, and made an in 
teresting and instructive talk on the 
design and on other details connected 


with welded structures. Mr. Fish’s 
talk was illustrated by lantern slides 
Portland 

Some fifty members and guest 


were present at the Nov. 8 meeting 
of the Portland Section. This Sectior 
has a committee in charge of estab 
lishing a school for welders at Bensor 
Polytechnic School. Mr. Beall, chair 
man of this committee, was East a 
the time of the meeting, and therefor: 
this matter was left for another meet 
ing. 

The program committee reporte 
having had a meeting with the Oregor 
Technical Council and of having a 
ranged a joint meeting with the Cour 
cil for Jan. 29, 1929, at which time a! 
address by Prof. F. P. McKibben o1 
the subject of “Welding of Ste¢ 
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Buildings and Bridges” will be given. 

The meeting was then turned over 
to W. C. Cheney, an electric welder 
and a manufacturer of welding ma- 
chines of long experience. Mr. Cheney 
showed slides and motion pictures of 
various welding jobs, among which 
were some interesting repairs made to 
logging equipment. As the pictures 
were shown on the screen Mr. Cheney 
explained how the work was done and 
of the precautions taken in making 
sure the weld would hold up under 
the most severe service. 

This was followed by a picture 
taken of a trip made off the Oregon 
Coast in a 12 foot canoe. Some very 
good views were taken of the sea lions 
and birds inhabiting the rocks off Til- 
lamook, and everyone enjoyed the pic- 
tures of the little 95 pound boat going 
through the breakers. 

A special meeting was held Friday 
night, Nov. 16, in the Tyroleon Room 
of the Benson Hotel, to take advantage 
of the opportunity offered to view the 
slides and films shown by R. O. Wald- 
man of the Fusion Welding Corpora- 
tion. 

The films and slides portrayed the 
flow of the molten metal by both the 
electric arc and the oxy-acetylene 
process. Through the use of a spe- 
cial Eastman lens and specially pre- 
pared film the glare of the arc and 
the torch was eliminated and the pic- 
tures on the screen showed clearly the 
exact action of the molten metal. The 
films were shown in “slow motion,” so 
that the action of the metal could be 
closely studied. 

In the exhibit the effects of the dif- 
ferent arcs were portrayed, the action 
of the molten metal being shown un- 
der the steady, erratic and very er- 
ratic or “crazy arc.” As the pictures 
were shown Mr. Waldman described 
the actions that were taking place and 
explained the causes, pointing out the 
types of arc produced by various rods 
and the different arcs produced by 
the use of low carbon, high carbon 
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and manganese rod. He explained 
and showed on the screen the effect on 
the arc of various flux coatings and 
how some of these enabled the op- 
erator to produce a much more steady 
are. 

The Section is indebted to the Port- 
land Oxygen and Hydrogen Company 
for its cooperation in making the 
meeting such a successful one and 
for its services in securing for the 
Section Mr. Waldman’s exhibit. 

Guests and members present num- 
bered over a hundred. 


San Francisco 


The December meeting of the San 
Francisco Section was moved forward 
to Nov. 30 in order to provide an op- 
portunity of hearing Gilbert D. Fish, 
who was on the West Coast at that 
time. His subject was on “Arc Weld- 
ing as Applied to Steel Structures.” 

This was a very interesting and in- 
structive talk and the meeting was a 
success. 


New York 


The next meeting of the New York 
Section will be held on Dec. 11 in the 
Engineering Societies Building at 8 
p.m. Prof. Cyril D. Jensen of Lehigh 
University will speak on “Inspection 
of Structural Steel Welding.” George 
M. Deming of the Air Reduction Sales 
Company will talk on “Effect of Tip 
Sizes and Pressures on Economy of 
Cutting.” Both of these papers will be 
illustrated by lantern slides. 

The January meeting of the New 
York Section will be held on Jan. 8, at 
which time a joint meeting has been 
arranged with the local section of the 
American Society of Mechanical En- 
gineers. Two papers will be pre- 
sented. One dealing with “Training 
and Management of Welders for Pres- 
sure Tanks and Power Piping,” by 
H. H. Moss of the Linde Air Products 
Co., and the other on “Welding in 
Power Plants,” by P. W. Swain, man- 
aging editor Power. 


EMPLOYMENT SERVICE BULLETIN 


The American Welding Society has on file a number of qualified, experienced 
welders who desire positions. All firms needing experienced men are requested 


to notify the Secretary. 








Oxyacetylene Welding of Light Gage Sheets 
By Simple Mechanical Methods * 


H. J. Grow+ 


N striving for the ideal joint the metal worker has always had in 

mind one whereby two pieces of metal could be placed in position and 
then merged along the line of contact. This ideal is realized in the 
oxyacetylene welding of light gage sheets. The oxyacetylene flame af- 
fords that concentrated, easily manipulated source of heat, under perfect 
control by the operator, both as to intensity and position, which makes 
continuously possible the successful achievement of such a joint. More- 
over, the welding of light sheets is frequently effected by the mere fusion 
of the edges without adding metal from an outside source, which makes 
for a truly autogenous weld. 


Generally speaking, the welding of light gage sheets is a rather 
simple operation, easily learned and requiring only standard light weight 
apparatus. This apparatus consists mainly of standard welding torches 
which are obtainable in various types, and in several sizes. In connection 
with the torches there are required pressure regulators which reduc 
the tank or line pressure to that required for torch operation. Torches 
should never be operated unless the pressure is controlled by individual! 
regulators, because constant and accurate pressure control contributes 
materially to efficient operation. The acetylene gas supply may be 
derived from cylinders containing dissolved acetylene for individual 
torch supply or from generators which automatically produce acetylen: 
direct from calcium carbide and distribute it through pipe lines to the 
various welding stations. Similarly oxygen may be supplied from 
cylinder for individual torch supply or cylinders may be connected in 
banks to a manifold from which it is distributed through pipe lines. For 
mechanical welding the only additional equipment required is a simple 
fixture or jig for holding the work and some means of obtaining a steady 
relative motion between the torch and the part to be welded. This mo 
tion may be obtained by holding the work stationary and mounting the 
torch on a mechanically-driven device or the torch may be held station- 
ary and the work moved past the torch. The choice of method 
will, of course, depend on the article manufactured and other production 
details. Hence, it is obvious that the sheet metal fabricator who decide 
to employ oxyacetylene welding does not need to provide a large plani 
area for the accommodation of expensive machinery. The installation 
of simple and inexpensive equipment will make possible the productio: 
of fairly intricate sheet metal parts. 

Development of Mechanical Welding 

Since the logical development of mechanical welding usually proceeds 

*Read at the February 3, 1928, meeting Chicago Section American Welding Societ 

+tResearch Engineering Department, Air Reduction Co., Ine New York 
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from an intelligently supervised hand welding department and since hand 
welding and mechanical welding have so many points of similarity, it is 
felt that a brief consideration of hand welding problems at this point 
will lead to a better understanding of mechanical welding principles. 


Certain products, especially those of irregular shape, such as auto- 
mobile bodies, metal office and hospital furniture and airplane fuselages, 
are largely confined to the hand welding field. A discussion in detail 
of the method of welding these articles would be beyond the scope of 
this paper. There is, however, a class of production involving the weld- 
ing of long seams in cylindrical shells, the discussion of which will bring 
out very clearly some of the more important principles underlying sheet 
metal welding. Barrels, range boilers, and tanks of various sizes and 
purposes belong to this class, and probably the greatest application of 











Fic. 1 BARREL WELDING Jic 


the oxyacetylene torch in production welding of sheet metal is found 
in the manufacture of articles of this sort. An idea of the volume of 
this type of production may be gained from statistics recently published 
by the U. S. Department of Commerce which indicate that during the 
month of August, 1927, twenty-seven companies reported the manufacture 
of 615,152 steel barrels, and this is an average monthly production figure 
for the eighteen months previous. Practically all of these barrels had 
their longitudinal seams welded by the oxyacetylene process. The major- 
ity of those not so fabricated were made up with brazed seams. 


Getting back to the longitudinal butt weld in the cylindrical shell, we 
will assume that the importance of getting good fusion and penetration 
is understood and we will rather concentrate on those other important 
factors which have a bearing on the speed of the operation and on the 
accuracy of the part welded. No matter what process of welding is used, 
whether it be forge welding, electric welding or oxyacetylene, some of 
the heat from the welded area finds its way into the main body of the 
part welded. The effect of this heat must always be anticipated in any 
welding operation and provisions made to counteract its action, if neces- 
sary. In the case of light gage steel sheets, this heat may be controlled 
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in any of three ways or in combination, namely: by tacking and inter- 
mittent welding; by tacking and the use of small tips; or by the use 
of properly designed jigs and chills. The last named method is the 
one most commonly used in the larger shops where the production is 
sufficient to warrant it. The use of jigs is especially advantageous in the 
production of a large number of similar parts because they add greatly to 
the convenience, economy, accuracy and speed of operation, and becaus 
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they provide a positive control of the heat entering the work. Just as 
machine tool jig, such as a drilling jig, has a dual purpose—holding t! 
work and guiding the tool that acts upon it—so the welding jig in add 
tion to holding the work, guides and to a large extent controls the fi 
of heat into the part being welded. 
The Function of Jigs in Welding 

The common form of welding jig for cylindrical work comprises a ho! 
or anvil properly shaped to hold the parts and a clamp or form whi 
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provides a V-shaped groove with a slot exposing the seam to be welded 
It is necessary in most welding to provide a space or groove in the horn 
or anvil directly below the seam. The purpose of this air space is, of 
course, to prevent too much of the intense heat of the weld from being 


absorbed and hence diverted from its useful purpose. See Fig. 1. 


One of the important advantages of the clamps, provided they are of 
sufficiently heavy construction, is that the sheets are shaped and brought 
into absolute alignment. The clamps also restrain the sheets so that they 
creep in at a uniform rate through the clamps to close the wedge-shaped 
opening always left between the edges of the sheet when the weld is 
started. The clamps are adjusted to a pressure just sufficient to allow 
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the normal motion of the edges so that the shell is correctly positioned 
and properly shaped when the weld is finished. As a matter of fact, the 
reason for jigging is to hold the parts in position and the edges of the 
sheets in alignment so that absorption of the heat will be uniform 
throughout the length of the seam, and to smooth out any buckles or 
irregularities which might be present, either visible or locked up as a 
rolling strain, in the part prior to welding. The clamps also act as chills 
carrying off excess heat and allowing the use of a larger welding flame 
than would be possible without the use of clamps; this in turn means a 
greater footage of welding per day. With clamps, the heating and cool- 
ing are more uniform and therefore, more simple to control. 
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Hence, it follows from what has been said above that in hand opera- 
tions, the speed of welding depends upon the ability of the operator, the 
design of the jig and the absorption of heat from the welded area. Few 
welders, unless specially trained, acquire the same motions or are capa- 
ble of welding at the same speed. Therefore, welders employed on sheet 
metal production work should be trained under the same supervision and 
the procedure of welding operations, planned and adhered to. It is 
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necessary that each operator’s jig or the set up of the work in the jig 
be adjusted to his style and speed. 


The design of the jig from a heat absorption standpoint has a very 
important bearing on the speed of welding. The width of the groove 
under the seam, the dimension of the V-shaped space in the clamp, as t: 
depth and opening, and the mass of metal in the anvil and clamps ar 
all important factors in determining how much heat will be directed into 
the weld and how much will be otherwise distributed. Tied up in this 
same subject is the fact that the rate of welding and the design of th 
jig govern the contraction of the sheets from the wedge-shaped posi- 
tion previously mentioned. For any given size of torch flame, it is 
evident that as the torch progress is slowed down, more and more heat 
will be absorbed by the work. Now, this excess heat in the sheets not 
only magnifies the contraction of the intensely-heated and rapidly-cooling 
areas already welded but it also increases the movement of the edge: 
of the sheet throughout the zone extending for a considerable distance: 
ahead of that part of the seam already welded. Both the expansion and 
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contraction, although acting in opposite directions, affect the wedge- 
shaped opening in one direction, that is, they tend to close it. Naturally, 
a larger wedge-shaped opening must be provided to take care of this 
effect. Moreover, the jig through both its restraining function and its 
heat absorbing function can be made to control this closing movement 
to a large extent. This explains more fully our previous statement that 
the set up may have to be varied to suit the welder’s style and speed. 
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The types and construction of jigs are as varied as the articles produced 
on them. They are usually the result of a gradual development and ex- 
pansion of the process in the plants where they are found, and most of 
them are ideally suited to the product made by their use. In other 
words, the jig must be made to fit the job, always keeping in mind the 
results that are desired. If speed of production is the paramount re- 
quirement, the jig should be as simple as possible. If it is desired to 
produce an article accurate within very narrow limits and of a quality so 
high that the cost of production is not the leading factor then the use of 
very complicated and elaborate jigs may be warranted. However, in 
most cases, the desired results are obtained with jigs of simple design. 


A welding jig should be easy to load and unload. It is usually con- 
structed so that parts can be quickly placed and the finished product 
speedily removed. In this connection, it is well to remember that in the 
case of jigs which are loaded cold and unloaded while both the jig and 
the work are hot, proper allowance must be made for expansion between 
the jig and the work, so that there will not be a tendency for the work 
to bind in the jig. 

The simple clamps that are found in practical use and which lock and 
unlock readily are essentials of an easy operating jig. They are positive 
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in action, lock the work firmly in place and when disengaged afford a 
clearance that will permit easy loading and unloading. It is desirable 
that they be adjustable to take various thicknesses of sheets and to exert 
a suitable holding pressure in accordance with the requirements of the 
job and each operator’s welding speed. 


It is necessary that provision be made so that contraction and expan- 
sion stresses do not affect the accuracy of the jig or the welded product. 
In general, distortion of the jig and parts is to be avoided unless the 
work is of such a nature that distortion in a certain direction facilitates 
the welding operation and counteracts a distortion which would other- 
wise develop as an after effect, due to the cooling and the form of the 
product. As an example, consider the case of the cylindrical shell jig 
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previously mentioned. The amount of contraction which will take place 
as the weld cools depends upon the speed at which the weld was made and 
upon the design of the jig. This contraction can be estimated or de 
termined by trial and the proper allowance made. 

From what has been said of the heat-absorbing function of the jig, 1! 
is evident that provision must be made not only for the absorption bu' 
for the conduction and radiation of considerable quantities of heat by 
the jig. This is usually accomplished by providing sufficient metal i! 
the jig members to absorb and carry away the heat, although less 
frequently, water-cooling of the jig is resorted to. Those jig member 
which must hold the sheets in line while being subjected to heat from th: 
welding flame should be made preferably of cast iron. Rolled stee! 
members generally are not satisfactory for this service as they chang: 
shape more rapidly under repeated heating and cooling. 


Application of Mechanical Welding 
The demand for increased production has led many manufacturers t 
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introduce mechanical gas welding into their plants. Mechanical welding 
by the oxyacetylene process with properly designed machines and ac- 
curately formed parts often insures a production of from three to ten 
times that possible by hand welding methods. This is possible by reason 
of the ability to employ torches of greater capacity and tips or burners 
having a multiplicity of flames which spread the heat over a greater 
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length of seam and because the steadiness and uniformity of application 
of the flame to the work makes for increased speed and economy. This 
type of torch and multiflame tip is shown in Fig. 2. Mechanical weld- 
ing also permits the operator to utilize some of his time in placing the 
work in the jig or otherwise preparing parts for welding, thus frequently 
eliminating the need for a helper. A good example of this last benefit 
is found in the mechanical welding of battery boxes where the operator 
is able to place the work in the jig and revolve it at the proper point 
while a mechanical device carries the work past the welding tip in a 
straight line. Among examples of mechanically-welded products, may 
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be mentioned barrels, auto mufflers, tubing, paint cans, milk cans, 
refrigerator linings and storage battery cases. 

The simplicity which is characteristic of hand welding can still be 
maintained when mechanical methods are introduced. There is one 
requirement, however, which must receive greater consideration when 
mechanical methods are planned and that is a more careful preparation 
of the work. This means that the sheets must be accurate as to size and 
accurately formed. It means, furthermore, that the sheets must be of 
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a uniform gage and quality. It usually means that the sheet must be 
resheared, as mill-shearing is not satisfactory. No matter how careful 
and intelligent the welding application it cannot overcome defects i! 
material or preparation, 


Mechanical welding makes possible the setting of the torch at th 
proper and most economical angle to the work and the holding of this 
angle constant. The hot gases of the outside envelope of the torch 
flame protect the welded area against too rapid cooling and the reducing 
atmosphere which is present protects both the top and under side of the 
seam from oxidation. Both of these features tend to insure a _ high 
quality metal in the weld. Hence, mechanical welding produces uniform 
ity in quality, appearance and strength of the weld with maximum 
production per torch. 


The protective effect of the reducing atmosphere is clearly indicated 
by the condition of the metal along the corner welds shown in Fig. 
(a) and Fig. 3 (b). The protection is especially complete on the under 
side of the weld. See Fig. 4 (a) and Fig. 4 (b) which show the revers: 
or inside corner of these same welds. Here the steel is so free fron 
oxidation that it has assumed a bright polished appearance, although no 
finishing has been done and the welds are just as they came from th 
welding flame. 


Mechanical welding may be classified as semi-automatie in which th 
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operator attends to but one machine and which involves considerable 
handling of the work, and as that which more nearly approaches full 
automatie operation in which one operator can divide his time between 
several machines. 


The welding of the battery case mentioned above is a good example 
of work which falls into the semi-automatic class. This battery case, 
which has its top and bottom edge seams, its longitudinal seam and 
spuds mechanically welded is shown in Fig. 5. The application of me- 
chanical welding to this product necessitated little more than furnishing 
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an adjustable fixture for holding the torch and provision for conveying 
the jig past the torch fiame so that the fiame could be directed against the 
edge seam. Upon completion of the weld along one seam the operator 
revolves the jig through 90 deg. and the following edge is welded and so 
on for all four sides without interruption. 


In another plant semi-automatic mechanical methods were devised for 
the welding of longitudinal seams in automobile exhaust mufflers. In 
this case, the mufflers to be welded are mounted in special jigs supported 
along the edge of a bench. A small motor-driven machine carrying a 
welding torch travels along tracks on the bench to which the jigs are 
mounted and thus applies the torch flame at a uniform speed to ac- 
complish the welding. 


For the production welding of the long seams of cylindrical shells such 
as are used in boilers, tanks and barrels, there is available a machine 
which consists essentially of two work-holding arms which stand op- 
posite each other and are mounted on a pivot, forming a turret fixture 
which is loaded and unloaded at one station and welded at the other. The 
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welding arms, which are water-cooled, are placed in a horizontal posi- 
tion and the shells are held by clamps while the torch is traversed along 
the seam by an electric motor. One torch only is used on thin gage 
metal but the machine provides for two torches, one above and one below 
when working on the heavier gages. See Fig. 6. 


Strength of Mechanical Gas Welds 


Fig. 7 shows a series of test pieces which were cut from a single 
seam welded in 12 gage sheets on this machine. It is interesting to 
note that only three out of the nineteen test pieces broke in the weld and 
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that the ultimate tensile strength of the pieces that broke in the weld 
closely approached the tensile strength of the unwelded sheet. This is 
characteristic of the high quality of work which it is possible to ac- 
complish by mechanical gas welding methods. 
Tube Welding 

Types of mechanical welding which require a minimum of the opera 
tor’s time enabling him to attend to a number of machines at the same 
time, are best exemplified by tube welding machines of which there art 
approximately 250 in daily operation in this country producing over hal! 
a million feet of gas-welded steel tubing in a 9-hour day. The variet) 
of this welded tubing as to diameter and gage and its ability to with 
stand distortion and forming operations is well illustrated by the samples 
shown in Fig. 8. Paralleling the development of tube welding and 
greatly contributing to its wider application has been the developmen! 
of rolling mills for producing the sheets from which the tubes ar 
formed. The accuracy of rolling with these mills is quite remarkable 
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It is now possible to hot roll strips 250 ft. long, 30 in. wide and 1/16 in. 
thick, with edge to center and end to end variation within 0.003 in. 
Another example of welding that approximates the full automatic is 
found in the manufacture of special paint cans. This job is being done 
by methods which are so nearly automatic that one man can attend to 
aS many as six machines. 


Fig. 9 shows such a can the longitudinal seam of which has been 
welded by this automatic method. It is to be noted that the weld success- 
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fully withstands the severe distortion incident to beading the side sheet 
over the bottom of the can. (Shown as the top in the illustration.) 


Types of Gas Welds Other Than Butt Welds 


While most of our discussion has dealt with butt-welded seams it 
should be realized that mechanical gas welding is not limited to this 
type of seam. Various combinations of edge welds lend themselves very 
nicely to mechanical welding application. Such edge welds are found 
in cylindrical and square containers where a flanged bottom is to be 
welded to the side sheets. In some constructions it is desired to weld 
the edge of a reinforcing member between the edges of the main sheets. 
See Fig. 11. This variety of edge weld is also easy of achievement by 
mechanical methods. On certain articles it is frequently desired to make 
a corner edge weld on sheets at right angles to each other. See Fig. 3 
and Fig. 4. The simple expedient of a torch, mechanically propelled 
along the edges of the clamped sheets on this sort of construction, usually 
affects the elimination of most of the hand welding previously required 
with a consequent gain in efficiency. The very accurate control which is 
possible when using mechanical welding methods is well illustrated in 
Fig. 4. Welds 4 (a) and 4 (b) have penetrated to the extent that a 
bead is developed along the inside corner, while welds 4 (d) and 4 (c) 
made on the same gage metal respectively as 4 (a) and 4 (b), have a 
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perfectly square inside corner without any visible penetration. The 
welder can produce either finish at will. 


Fig. 10 illustrates a type of lap welded girth seam which has been 
accomplished by mechanical gas welding. 


Our subject limits us to consideration of only the lighter gages of 
steel, and while most of the earlier development has been made in the 
field between twenty gage and ten gage, the gage of the metal is no 
barrier to mechanical operations. By the extension of the principles and 
operations of light gage welding, the heavier sheets are usually welded 
more easily. There is even the added advantage that by certain manipu- 
lation the preparation of the heavier sheets can be made less and less 
exacting. 


When the mechanical welding of alloy sheets is under consideration it 
will be found that the oxyacetylene process is singularly adaptable. 


Oxyacetylene welding is not an incident in the manufacture of sheet 
metal products, it is more often the process which makes economical 
production possible and should, therefore, be given the same considera- 
tion that is given to mechanical manufacturing methods. 


The next few years will see great strides made in the application of 
gas welding and particularly the automatic or mechanical application of 
this process. This is a natural and necessary development and one which 
is being brought about by the demand for more and more production. 
The elimination of the human element and the ability to depend with 
absolute assurance on a continuous production of uniform quality with a 
minimum of supervision is an accomplishment the attainment of which 
is worth all the thought and effort required. 


Steel Frame of a Commercial Building Is Welded 
A. F. DAvis* 


ITHOUT a rivet or a bolt in its steel framework, the recently com- 

pleted Upper Carnegie Building, Cleveland, Ohio, is the first com- 
mercial store and office building to be erected by the arc welding process. 
In shop fabrication and in field eréction the various members of the 
structure were fused together at their joints by means of the intense 
heat of the electric arc. The steel framework is, therefore, actually a 
one-piece structure. 


The building was designed and built by its owners, The Austin Com- 
pany, Cleveland, Ohio, nationally known architects and builders. Th: 
Welding Engineering and Construction Company, of Cleveland, Ohio, 
were engaged as consultants and welding inspectors. The welding was 
done by The Lincoln Electric Company, Cleveland, Ohio. 


The building, a four-story structure of modern architecture, is 60 ft 
wide by 119 ft. long. The ground floor is divided into store rooms, th: 
upper three stories containing offices. 





*Vice-president, The Lincoln Electric Co., Cleveland, Ohio 








1928] STRUCTURAL STEEL WELDING 2 


~] 


Designed exclusively for arc welding, the structure contains many new 
and unique features of construction which resulted in a saving of struct- 
ural steel tonnage of approximately 15 per cent. The frame work 
exclusive of the welded bar joists contains 115 tons of steel. The most 
economical riveted design would have required over 130 tons. 

The use of continuous beams in place of the usual multistory column 
construction allowed a reduction in the size of both beams and columns 








Fie. 1 STIFFENERS WERE WELDED BETWEEN THE FLANGES OF THE CONTINUOUS BEAMS 

AT THE COLUMN CONNECTIONS THEY CARRIED THe LINES OF THE COLUMN FLANGES 

THROUGH THE BeEAMSs. ANGLES AND BLOCKs WeLDED To THe BoTToM OF THE BEAMS 
LOCATED THE FLANGES AND WEBS OF THE SUPPORTING COLUMNS 


over those required by the riveted design. By milling the tops <nd bot- 
toms of the columns and placing them between the continuous beams each 
column can be of the correct size and weight for the load each carries, 
rather than in excess as is the case of multistory columns. The column 
loads are carried through the continuous beams by means of stiffeners 
which accomplishes the principle of continuous columns. Thus the welded 
design permits continuous beam and continuous column construction 
which effected the saving in steel tonnage without decreasing the strength 
or rigidity of the structure. 

The term, shop fabrication, is a misnomer when applied to the build- 
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ing up of the various structural members for this building as all th 
fabrication was done outdoors in the yard of The Austin Company’ 
Bliss Road fabricating plant. Here five welding operators fabricate 
all the structural steel for the building. 

Certain economies were effected in fabrication by the use of are weld 
ing instead of riveting. In joining the H columns to their base plat 
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no connecting angles were required. The ends of the columns bein; 
milled, the columns were set upright on their base plates and attache 
by welding a continuous bead along the outside edges of the colum) 
flanges. 


Plates were used instead of angles as beam stiffeners. These wer 
welded between the flanges of the continuous beams where the columns 
joined the beams. The stiffeners carried the lines of the column flange: 
through the beams. Where the column flanges were parallel to the web 
of the beams Tee stiffeners were used. 


Lattice girders were used in the front bay of the building to carry the 
first floor partitions and the store-front bulkhead beams. The use of 
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lattice girders permitted the installation of concealed piping. These 
girders have a span of 18 ft. 1 in. and 1 ft. 6 in. deep. They are composed 
almost entirely of angles, only the verticals at the ends being plates. The 
various members were laid out, held in place by C clamps and then welded, 
no punching being required. 


Another feature of the fabrication which facilitated field erection was 
the welding of locating angles and blocks to the continuous beams. 
These served to locate and to partially hold the columns in proper position 
before shoring. The angles located the flanges of the columns and the 
small blocks located the column webs. 


The column footings and exterior walls to grade line are reinforced 
concrete. The exterior columns start about a foot below grade line, 
setting on concrete piers in the basement walls. Due to the fact that 
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Fic. 3. A REDUCTION IN SIZE oF CoLUMNS FROM FLOOR TO FiooR Was Mape PossiBLe 
BY Use or ConTINUOoUS BEAM Design WHICH ALLOWED A GREATER SAVING IN STEEL 
THAN THE UsvuaL DesIGN FoR WELDED CONSTRUCTION 
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the base plates of the exterior columns at the ends of the building served 
also as end bearing. plates for the first floor continuous beams, thes 
columns were erected with the basement columns. The first floor con 
tinuous beams were then placed over the basement columns. 


The continuous beams were erected in two sections, each section of 
each beam being approximately 60 ft. in length. After erection thes 
beam sections were butt welded together thus making each continuous 
beam one solid piece of steel—plates were also welded across the joint 
on the top side of the flanges of the beams. These beam connections 
occurred on the approximate front to back center line of the building. 


No field bolts being used to hold the various members of the structur 
in place until welded, necessitated the employment of a nove! method ot 
shoring. This consisted of bolting a square frame around the column 
to provide means for connecting the braces to the column. The colum: 
shoring connection, or frame, consisted of two 2 x 2’s held on opposit 
sides of the column by two bolts connecting the wood blocks and formin: 
a square. These bolts also held to the wood members angles whose fre: 
legs were punched and through which long bolts were bolted. Thus th 
frame had bolts on four sides permitting the bracing (2 x 4’s and 4 x 4’s 
which had strap iron hooks at the ends to hook onto the columns. This 
hooking arrangement on the braces greatly facilitated the shoring « 
the free structural members during erection. 


The structure is designed so that every alternate column in the fron’ 
of the store rooms can be removed. Thus, either 17 ft. or 34 ft. wid 
store fronts are available at any time along the front of the buildine 
This was made possible by using the new 36 in. Bethlehem girder bean 
over the store fronts. It is incidentally one of the first uses in the countr) 
of this new size girder beam. The continuous girder beam over th: 
store fronts was erected in two sections. These two sections wer 
welded together after erection in the same manner as were the other 
continuous beams. 


Welded bar joists were used to carry the 2-in. concrete floor and roo! 
slabs. These joists were welded in place to their supporting beams. T 
give the joists increased lateral stiffness two %-in. rods, equally spaced 
in each bay, were laid across the bottom chords of the joists and tac’ 
welded to each joist. This increased the rigidity of the joists to : 
far greater extent than if they were bridged in the usual way with wire 
Where partitions occurred the joists were stiffened by welding a plat: 
the full length of their top chords. The bottom chords of these joist 
were also continued to the member supporting the joists. This was a: 
complished by welding angles along the bottom chords and welding th: 
free ends of the angles to the beams. Requirements of clearance rathe' 
than structural design dictated this method of stiffening the joists. 


Though the noise of riveting hammers on this job would probably n: 
have been more objectionable than is generally the case, consideral! 
attention from the layman was attracted to the structure by the quiet 
ness of the steel erection. During the course of construction of the buil: 
ing, many delegations of engineers visited the scene of operations t 
inspect the design and method of erection of the steel structure. 
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Testing Joints for Aircraft Structures Welded Under 
Procedure Specifications* 


H. L. WHITTEMOREt+ 
INTRODUCTION 


HE importance of this investigation depends entirely upon the im- 

portance of aircraft. All of us know of the strenuous efforts made 
during the war to build military airplanes and of the collapse of the 
industry after the war because commercial aviation could not absorb 
the production. Progress since the war has been disappointingly slow 
but has increased steadily. 


It was estimated some time ago that 5000 airplanes will be built in this 
country during 1928. Although this estimate may be high, there is every 
indication that the amount of mail and express and the number .of 
passengers carried by air will increase rapidly in the next few years. 
Commercial aviation is rapidly getting onto a sound financial basis. The 
information service and the research work of the National Advisory 
Committee for Aeronautics and the Aeronautical Safety Code prepared 
by the American Engineering Standards Committee, have been of great 
assistance in this development. 


More recently the Aeronautics Branch of the Department of Commerce 
was established. The law prescribes as one of its principal duties the 
enforcement of regulations which will make commercial aviation safe. 


Before an airplane is permitted to engage in commercial transporta- 
tion, a “type certificate” must be obtained from the Aeronautics Branch. 
A new design for an airplane is checked by experts to determine whether 
or not it is airworthy. As the information on the strength and other 
properties of welded joints is not as complete as required by the Aeronau- 
tics Branch in checking airplane designs, the Bureau of Standards has 
been requested to carry out the investigation which will now be described. 
The Bureau of Standards is designated by law as the official research 
agency of the Aeronautics Branch. The program was approved by the 
Subcommittee on Aircraft Structures of the National Advisory Commit- 
tee for Aeronautics upon which the Army, Navy, technical experts and 
aircraft manufacturers are represented. 


It was recognized clearly that a careful study of the strength of welded 
joints for aircraft would give information which could be used immedi- 
ately by all aircraft designers. It would in fact form hand-book material 
such as the mechanical engineer finds in Kent. 

Although the strength of the welded joints is an important problem, 





*Presented at Fall Meeting of the A. W. S., Philadelphia, October, 1928. 


Publication Approved by the Director of the Bureau of Standards of the U. 8 
Department of Commerce. 


7Chief Engineer, Mechanical Section, U. S. Bureau of Standards. 
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few airplane manufacturers can afford to make extensive investigations ; 
to develop better joints than they are now using, but if this information : 
can be obtained by a disinterested laboratory and published, the benefit ; 


to aviation will, it is believed, amply justify the expense. It is not only 
the “‘best” way to solve a problem of this kind but is the most economical. 

At the present time the fuselages of all military airplanes have a meta! 
framework of either duralumin or steel. If steel is used it is often in the 
form of thin-walled tubes either of mild carbon or of chromium- i 











Fic. 1 SPECIMEN IN TESTING MACHINE 


molybdenum alloy. Although both of these steels can be welded satisfac- 
torily, the chromium-molybdenum has almost displaced the carbon steel 
because its strength is greater and due to its air hardening properties 
the strength of the welds approaches that of the tubes. 

In the commercial field, however, mild carbon steel tubing is still largely 
used for the fuselages. There is a tendency to adopt the chromium- 
molybdenum steel tubing, but its use has not become so nearly genera! 
as in military airplanes. 

soth military and commercial airplanes use wood in the construction 
of the wings. Metal construction is being introduced but complete metal 
wing structures are not common, 
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Il. Program 


In this investigation the strength of all types of welded joints in steel 
tubing which are now used in aircraft will be determined. Other types 
of joints will be tested to develop, if possible, joints which have greater 
strength, or which have other advantages. 


A questionnaire was sent to nineteen of the principal airplane manu- 
facturers in this country requesting data on the joints they are using, 
the kind of material (chemical analysis and heat treatment), types of 
joints (with drawing or sketch) and the working stresses in the members. 





Fic, 2. TrESTinG J1cG 


The response indicated that the strength of welded joints was of great 
interest to the industry and that this investigation would receive the 
hearty cooperation which was essential for success. 


Among the manufacturers supplying information and comments were: 
Boeing Airplane Company. 

Chance Vought Corporation. 

Consolidated Aircraft Corporation. 

Curtiss Aeroplane and Motor Company. 
Fairchild Airplane Manufacturing Corporation. 
. Glenn L. Martin Company. 

. Johnson Airplane and Supply Company. 

. Keystone Aircraft Corporation. 

. B. F. Mahoney Aircraft Corporation. 

10. Stinson Aircraft Corporation. 


wAaNATrWNe 


Drawings were then prepared showing each of the 135 joints to be 
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tested, and others will undoubtedly be included before the investigation 
is completed. 

Depending upon the structure in which the joints are used, there are 
two broad classifications, the T-joint and the Lattice-joint. 

Preliminary tests of typical joints were made using low carbon steel 
tubing to determine whether the testing fixtures were suitable. These 
tests will now be described as they give a good idea of the entire program. 

T-joint: The continuous tube or longeron is supported in two blocks, 
one on each side of the intersecting tube which is gripped in the wedge 














Frc. 3 


grips of the testing machine, Fig. 1. The tensile load on the intersecting 
tube is increased until the joint fails. 


Lattice-joint: Of the intersecting tubes one is, in an airplane structure, 
under tensile stress and the adjacent portion of the continuous tube and 
the other intersecting tube are under compressive stresses. The testing 
jig shown in Fig. 2 was built to test the Lattice-joints and was found 
satisfactory. 

The ends of the compression tubes rest against pin bearings shown in 
Fig. 3 which insures axial compressive loading. 

A joint which is very widely used at present is made by cutting the 
tubes so that they fit closely and welding them together as shown in 
Fig. 4. : 


Stronger joints can probably be made by inserting a reinforcing plate 
in the plane of the axes of both tubes (in saw kerfs in the tubes) and 
welding all seams. Joints of this type were first brought to our atten- 
tion by Mr. H. H. Moss who used them in tubular roof trusses, It is 














hc ac ala 


De aitiba: 


ta patel oh 





1928] TESTING AIRCRAFT JOINTS 35 


planned to vary the width and length of the inserted plate to determine 
the size which is most efficient. 


A joint may also be made by fitting and welding the tubes, then rein- 
forcing it by a U-shaped strap of sheet metal which is welded to the 
tubes along each edge. The width and length of the strap will be varied 
to determine the most efficient proportions. 


The joints shown in Fig. 4 are again shown in Fig. 5 after testing. 
The dimensions and the test results of the joints without reinforcement 
are shown in Fig. 6. 

It was found that although all the tubes for duplicate specimens were 
of the same nominal size, the cross sectional areas varied somewhat. 
The tensile strength of the tube B (the ultimate tensile load which it 








ya 











Fic. 4 (UPPER) JOINTS Berorw TesTinc. Fic. 5 (Lowsmr) Joints Arrer TEsTIN 








36 JOURNAL OF THE A. W. §. [ December 


could be expected to carry) was therefore, in each case. computed from 


the average tensile strength of a number of specimens and the thick- 
ness and diameter of the particular B tube. 


The tests of welded joints in straight specimens showed that the effi- 
ciency of these joints was about 82 per cent. 


Jest Fesults on Welded Joints 
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* The vitimare load 1s ygoarently higher than the strength of the tube, due to the fact that it was 


necessary To use ar average valve of the uftimate tensile strength of the material in cormpouting 
the tube strength 


Fics. 6 AND 7 TEST RESULTS ON WELDED JorntTs 
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[he efficiency of the T-joints was practically the same showing that 
the method of testing was satisfactory. T-joints welded in accordance 
with the procedure which will be used for the remainder of the specimens 
may show higher efficiencies. 

The reinforced T-joints are shown in Fig. 7. It is evident that the 
efficiency of the joints having the U shape was practically the same as 
for the T-joint without reinforcement, but the efficiency of the joint 
having inserted plates was 14 per cent higher, being 94 per cent. Changes 
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AFTER TESTING 
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in the dimensions of the reinforcement may change the efficiency con- 
siderably. An effort will be made later to develop the most efficient 
reinforcement for each type of joint. 


Lattice-joints: The lattice-joints tested in the preliminary program 
are shown in Fig. 8 and the same joints after testing in Fig. 9. 
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No / 2 3 7 2 3 
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The dimensions and the test results of the lattice-joints, without rein- 
forcement, are shown in Fig. 10. It will be noted that when the intersect- 


ing members are of the same diameter and thickness the joint failed by 
crumpling of the C tube under the compressive load. 


It is evident that the weld is stronger than the C tube in this case. 
If the tensile tube B is smaller than the C tube, the joint failed bj 


rupture of the B tube. The efficiency was about 78 per cent. Further 
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work should be done to determine the size of B tube which will give a 
joint of uniform strength. 


With inserted plate reinforcement, shown in Fig. 11, the efficiency was 
practically the same as that found for the lattice-joint which was not 
reinforced, but as the B tube failed in each case this was to be expected. 


Lattice-joints having triangular plates welded into the angles between 
the members failed by crumpling of the C tube as in the joints without 
reinforcement, at practically the same loads. It is evident that in these 
joints there was no advantage in reinforcing the joint. 


As the joints tested were not made under procedure control and the 
number of specimens tested was rather small, these conclusions must not 
be accepted as final, but may be confirmed by later tests. They may 
also be modified when the results of tests of joints made of chromium- 
molybdenum tubing are available. 


Welding Procedure 


It is believed that the most important result of this investigation so 
far is the preparation of a very carefully worked out procedure for weld- 
ing the specimens using oxy-acetylene blowpipes. A procedure for weld- 
ing the specimens by the electric arc process was desired, but up to the 
present time this has not been worked out by the Procedure Committee of 
the American Bureau of Welding. Electric welds are, it is believed, 
seldom used for aircraft work, which may explain the lack of interest on 
the part of the electrical interests in this investigation. 


To be of value it is essential that the results of this investigation shall 
be reproducible by any one skilled in the art of welding. The quality of 
the tubes is accurately defined by the Army Specifications and the 
dimensions and design of each joint is fixed by the drawings. 


Unless the physical properties of the welds themselves are also fixed, 
the strength of joints made by different welders would, undoubtedly, vary 
widely. The results of this investigation would, in that case, be of little 
or no value to the Aeronautics Branch, Department of Commerce, and 
other administrative officials or to airplane manufacturers and users. 


It is, therefore, essential not only that the quality of the welds be uni- 
form for all the specimens in this investigation, but also that welds of 
the same quality can be made by other welders, and that persons respon- 
sible for the safety of the structure can prove that welds of the required 
quality are being made. 


The welding procedure which will now be described by Mr. Moss insures 
these results. 


roe 

ei 

a 
’ 
4 
an 
' 
t 
it 
+} 
* 











AMERICAN BUREAU OF WELDING 


Committee on Welding Procedure t 


Appointed for the purpose of writing a Procedure 
Control for the Fusion Welding of Structural Speci- 
mens Involved in the Bureau of Standards’ Investiga- 
tion of the Strength of Welded Joints in Tubular 


Members for Aircraft 


GENERAL PROCEDURE CONTROL* 


FOR 
GAS AND ARC WELDING 


AIRCRAFT JOINTS 
FOR 


EXPERIMENTAL PROGRAM OF U. S. BUREAU 
OF STANDARDS 


GENERAL INFORMATION 
Purpose of Program 

Investigation of the Strength of Fusion Welded Joints in Tubula: 
Members for aircraft, and more fully explained in the following, which 
is quoted from Bureau of Standards’ Report No. 1, dated April 26th, 1928 
Lab. No. 6552: 

“One of the duties of the Aeronautics Branch of the Department of 
Commerce is to increase safety in commercial aviation. 

“To obtain information on the strength and other properties of th« 
structural details of airplane joints, fittings, tie rods, etc., which would 
assist the Aeronautics Branch in its work, this investigation was under 
taken by the Bureau of Standards in cooperation with the Aeronautics 
Branch. It was realized that a careful study of this problem would 
eventually lead to the standardization of acceptable and suitable aircraft 
fittings which would be a benefit to the industry and simplify the worl 
of the Aeronautics Branch. 


“This program will not hamper aircraft designers and manufacturers 
in developing ships which are the best for a given service but will giv’ 
them definite information on these important structural details. It is 


*Presented by H. H. Moss, at Fall Meeting of the A.W.S., Philadelphia, October 
1928, for the committee Procedure for are welding not yet completed : 

#Members of Committee on Welding Procedure: Chairman, H. L. W hittemore, Bures 
of Standards; secretary, W. Spraragen, secretary American Bureau of W elding : J. 
Johnson, Air Corps, War Department, Wright Field A. M Candy, Westingho 
Electric & Mfg. Co.; D. H. Deyoe, General Electric Co. : J. J Crowe, Air Reduc' a 
Co.: J. W. Owens, Newport News Shipbuilding & Dry Dock Co.; J R. Dawson, Carbid: 
& Carbon Research Laboratories, Inc H. H. Moss, The Linde Air Products Co 
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obviously wasteful for each aircraft organization to investigate these 
details if the information can be supplied by governmental laboratories.” 


Scope of Investigation 
As quoted from same Report No. 1. 


“The National Advisory Committee for Aeronautics was requested to 
cooperate particularly by outlining the subjects upon which information 
was most urgently needed. The Sub-committee on Aircraft Structures of 
the N.A.C.A. suggested the three following problems. They are listed in 
the order of their importance. 


1. Investigation of the strength of typical welded joints 
as found in aircraft structures. 

2. Investigation of the strength of hinged and pinned joints 
in duralumin and steel. 

3. Investigation of the causes of streamline wire failures 
and suggested methods of improvement. 


The first problem was therefore selected for this investigation.” 


Procedure Control Requirements 


as set forth by the Bureau. 

(1) Acceptance Test of the Welders. 

(2) Selection and manipulation of the welding equipment. 
(3) The use of jigs. 

(4) Preparation of the members to be joined. 

(5) Other items essential to a sound application of welding. 


Design of Specimens 
The designs of the specimens are shown in Bureau of Standards blue 
print A-300 to A-323, inclusive, accompanying their Report No. 1. 


Design of Testing Fixtures 


The methods of testing the welded specimens and the testing fixtures 
are shown in Bureau of Standards blue prints A-324 and A-325 and in 
photograph attached to their Report No. 3,* and described in their several 
reports issued to date. 


The Committee approves of the method of testing the specimens as 


modified by the Bureau of Standards and as reported in their Report 
No. 3. 


REFERENCE MATTER 


1. Bureau of Standards Progress Report No. 1, dated April 26, 1928, 
Lab. No. 6552. General outline of investigation and design of speci- 
mens and testing fixtures. 

2. Bureau of Standards Progress Report No. 2, dated June 7, 1928. 
Summary of Preliminary work and a manufacturer's questionnaire. 

3. Bureau of Standards Progress Report No. 3, dated June 29, 1928. 
Report of Preliminary Test. 

4. Minutes of A. B. W. Welding Procedures Committee Meeting. 


*See paper by Prof. H. L. Whittemore, p. 31. 
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MATERIAL 
BASE METAL 


Tubing: Two grades of steel tubing will be used in this investigation 


(1) Mild Steel and (2) Chrome Molybdenum, having the following chen 
ical and physical properties: 


CHEMICAL PROPERTIES 


Mild Steel Chrome Molybdenum 
Specification Specification 

Chemistry No. 57-180-1A" No. 57-180-2A* 
Carbon 0.20-0.30% 0.25-0.35 % 
Manganesr 0.50-0.80 0.40-0.60 
Phosphorus 0.045 (max.) 0,040 
Sulphur 0.050 (max.) 0.045 
Chromium 0.80-1.10 
Molybdenum 0.15-0.25 min. 


*Army & Navy Specification Reference. 


PHYSICAL PROPERTIES 
Tensile strength, 


Ib. per sq. in. (min.) 55,000 95,000 
Yield point, 

lb. per sq. in. (min.) 36,000 60,000 
Elongation in 2 in., 

per cent (min.) 22 10 


SIZES IN TUBING 


Outside Diameter Wall Thickness 
in Inches in Inches 
% 0.028 
1 0.035 
1% 0.049 
1% 0.058 
2 0.065 


Plates: 


Two grades of steel plate will be used in this investigation, havin; 
properties corresponding to that of the tubing. The Chrome Molybdenun 


Plate will be obtained under U. S. Navy Specification No. 47-S-14, tl 
Mild Steel under U. S. Army Specification No. 57-136-3. 


Chrome Molybdenum 
U_ S. Navy Spec. 


Chemistry Mild Steel No. 47-s-14 
Carbon 0.20-0.3 0.25-0.35 
Manganese 0.50-0.80 0.40-0.60 
Phosphorus 0.045 (max.) 0.04 (max.) 
Sulphur 0.050 (max.) 0.045 (max.) 
Chromium 0.80-1.10 
Molybdenum 0.15-0.25 


Welding Rod:* 
One grade of welding rod will predominate in this investigation. 


Note:* The Committee recommends to the Bureau of Standards that it investig 
the possibilities of other kinds of welding rods commercially obtainable, for us 
aircraft construction. Some of these rods may have properties under the weld 
flame and in the form of deposited metal, justifying their use, especially for j 
where rewelding cr compound welding is necessary, The Committee is of the opi! 
that the leading wire manufacturers would readily cooperate with the Bureau 
Standards to determine the technical worth of various rod analyses for aircr 
welding 
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will be obtained under U. 8. Army Specification No. 57-203-A, Grade A for 


Are and Grade E for Gas Welding, the chemical properties of which are 
as follows: 


Carbon Max. 0.06 
Manganese = O.16 
Phosphorus * 0.040 
Sulphur *“ 0.040 
Silicon * - 0.080 


NoTE: Welding Wire under Army Specifications No. 57-203-A, Grade 
A and E correspond to American Welding Society Specifications E-No. 
1-A and G-No. 1-A for Arc and Gas Welding, respectively. See American 
Welding Society Bulletin No. 2, Welding Wire Specifications and Folios. 


PROCEDURE CONTROL FOR GAS WELDING 
A. MATERIAL AND APPARATUS 


Oxygen: shall be commercially pure, obtainable from any reputable 
manufacturer. 


Acetylene: shall be commercially pure, either dissolved or generated, 
obtainable from any reputable manufacturer. 


Gas Regulators: Regulators shall be selected that will provide for re- 
ducing the initial gas pressures to the working pressure recommended by 
the manufacturer, and shall be capable of retaining the working pressure 
constantly until the initial pressure closely approaches the working pres- 
sure. The difference between the gage working pressures with torch valve 
open and closed should be small. The required oxygen and acetylene 
pressures for proper welding flames, as illustrated in Figure K, shall be 
obtained by adjustment of Regulator Valves as nearly as possible, 
thereby necessitating only minor secondary adjustment of the Torch 
Valves to obtain the correct flame characteristics. 


Pressure Gages: Pressure gages having the following pressure ranges 
shall be used for welding and cutting purposes: 


Oxygen—High Pressure 0 to 3000 Ib. 
Working “ 0 to 30, 50 or 100 lb. 
Acetylene—High Pressure 0 to 350 Ib. 
Working ” 0 to 30 Ib. 


All gages shall be tested against and shall coincide with a standard 
testing gage over the complete pressure range before acceptance for 


the work to be undertaken in the investigation, standard gage tolerances 
to govern. 


Welding Torches: The essential requirements of a welding torch for 
the purpose herein is that it shall properly mix the gases, be light in 
weight and balanced to the hand and be provided with proper valve 
mechanism to enable the operator to obtain secondary gas pressure 
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adjustments and shut off during the welding operation. Valve stem 
packing and hose connections shall at all times be gas tight. 


Welding Tips: Tips shall be maintained in a condition that will produce 
the character of welding flame recommended in Figure K herein. A 
pointed welding flame should be avoided. When the blow pipe becomes 
obstructed in any way, use a soft copper or brass wire or hard wood 
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SECTION AT WELD 


IGURE A 


SPECIFICATIONS 





Preparation of Ends - Cut Square, clean inside and out past width 
to be welded. 
* 


Tacking - Tack welds 3/16 to 1/4" long set 3 equidistant points. 


Method of Welding - Tubes rotated while welding. 


Reinforcement - 1/16" minimum, 1/8" maximum 

Penetration - Full, to inside wall 

Width of Finished Weld - Not less than 6 times tube wall thickness 
Contour of Weld - Tapered gradually to bese metal either side of 


weld as shown in detail. 


reamer to clean it out. Do not use any hard, sharp tool, as same wi! 
enlarge the size of the orifice. The ends of the copper or brass wires 
should be rounded off so that there are no sharp edges to seratch th 
passageways. Torch tips should be inspected at intervals, by gaging 
for drill size. Reasonable tolerances shall be allowed, but if exceedins 

drill size, shall be marked the next larger size. The joint formed b) 
the tip where it connects to the torch shall be gas tight at all times. Fo! 
recommended drill size of tip for different thicknesses of metal, referen 
is made to apparatus manufacturer’s published data. 
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Torch Hose: Rubber and fabric hose shall be used which shall be of a 
size and quality suitable for the services involved. Hose connections 
to regulators and torches shall be securely fastened and gas tight. Long 
lengths of hose should be avoided but where this is not possible, heavy 
duty % in. to %% in. diameter hose should be used except for the last 
10 to 15 feet connecting to the torch. A 3/16 inch service hose is recom- 
mended at this point as an aid to the welder. No joint compounds should 
be used to aid in joint tightness. Regular hose cleanout and inspection 
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POSITION BUTT WELD T=ST 


6t min. y | 
16%min. rein- 
Sven taper-tag@iteeim, | fe forcement 
ar 
x /64 
= 
= 












efter tacking 


Section at 


Weld 


Ss 











bon 


aS 





SPECIFICATIONS 


Preparation of Edges - Cut square, surface of edges to be ground 
or filed off if cut with oxy-acetylene 
torch. Surfaces of tube to be welded to 
be thoroughly cleaned of oxides and any 
foreign matter es heretofore specified 


Tacking - Tack welds 3/16" to 1/4" long where marked P 
Method of Welding - Tube secured in a vertical position. Weld 


vertical, starting at bottom of specimen. 
Reinforcement - 1/16" minimum, 1/8" maximum. 
Penetration - Fyll, to inside wall. 
Width of Finished Weld - Not less than 6 times tube wall thickness. 


Contour of Weld - Tapered gradually to base metal either side of 
weld, as shown in detail. 
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for leaks is recommended. Hose should at all times be prevented from 
laying on the floor or under workmen’s feet. 


Goggles: At all times during welding operations, the operator’s eyes 
should be protected by properly designed goggles or spectacles. Lenses 
are made of amber-colored optical glass that minimizes the effect of 
glare, which lenses can be obtained from any reputable manufacturer 
of welding supplies. ; 


Note: For use and handling of oxygen and acetylene cylinders and/or 
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SPECIFICATIONS 





Preparation - Edge of plate abutting tube to have square cut. 
Surface of edge to be ground or filed off if cut 
with oxy-acetylene torch. Surfaces of tube and 
plate to be welded to be thoroughly cleaned of 
oxides and any foreign matter as heretofore speci- 
fied. 


Tacking - Tack welds 3/16" to 1/4" long, both sides, near ends 
of plate 


Method of Welding - Tube clamped to table so welds can be made in 
a horizontal position. 


Dimensions of Weld - As shown in detail. Fillet contour to taper 
gradually at either side of weld. 


Penetration - To the root of the fillet or to point "Xx* 


Figure C 
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apparatus, refer to Bulletin No. 23, National Safety Council, “Safe 
Practices.” 


B. BASE METAL INSPECTION 


Physical Properties—Check Tests: Base metal as received shall be 
check tested for physical properties to determine the conformity of the 
same with the military specifications under which it was procured. 


OPEN BUTT TecISILE TEST 
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FIGURE D 


SPECIFICATIONS 





Preparetion of Ends - Cut square. Surfaces of tubes to be welded 
including surfaces inside joint, to be thoroughly cleaned 

of oxides and any forcign metter es heretofore specified 

Tacking - Teck welds 1/8" to 1/4" long at three or more equidistant 
points. 

Method of Welding - Four specimens to be rotated during welding, 
tube to be horizontel. Two specimens to be welded in a 
vertical, fixed position. Welding to be done forward 
or backward. Backward is recommended. 

Reinforcement - Wall thickness minimum, 1/8" meximun. 

Penetration - Full, to inside wall. 

Nidth of Finished Weld - Not less than 6 times tube wall thickne’ 

Contour of Weld — Tapered gradually to base metal either gide oi 


weld. 











Weldability Properties: All base material shall be subjected to a 
weldability test. 


lst—To an end or cross-section test. 
2nd—To a surface flame test. 


These tests are to be applied to every stock length of tubing in each 
grade of steel used. This is undoubtedly excessive for production work 
but, it is felt, should be done in this investigation. Before applying this 
test, the part to be subjected to the flame inspection shall be thoroughly 
cleaned of mill scale, or surface oxides, or foreign matter, such as oi! 
grease, paint, etc. Oxide to be removed by a wire brush, file or emery 
paper, as. may be required to expose clean metal, or by pickling in suit- 








Ser 

















48 JOURNAL OF THE A. W. 8S: { December 


able solutions. A 10 per cent solution of sulphuric acid in water will be 
satisfactory. 

The end or cross-section test consists of melting the end of the tube 
around its entire periphery by advancing a neutral oxy-acetylene flame 
produced by a welding tip of 70 to 55 drill size, depending upon the 
thickness of the metal, regularly as the base metal becomes fluid. 


The surface test consists of applying a similar flame over small sec- 
tions of the tube or plate surface, until the base metal becomes fluid. 


COLLAPSING OR DUCTILITY TEST 





Wovable Hcad of Tcsting Machinc 
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Base of Testing Machine 


Weldable base metal shall be that which melts evenly and freely with- 
out boiling or giving evidence of gases, is relatively free of oxides or 
dirt, and laminations. This testing should be done under the direction 
of an experienced welding supervisor or metallurgist. 


C. WELDING ROD INSPECTION 

A manufacturer’s report of -.average chemical analysis of the rod 
supplied by him, shall be furnished investigators. Inspection of the 
quality of the welding rods to be used shall be made of each lot or 
package of rods supplied. Rods shall be carefully cleaned of all oxide or 
foreign matter before the test is applied. 


Due to the small diameter of the welding rods, a surface flame test 
or a welding test of the rod is recommended. The flame test is similar 
to that described in the foregoing (Chapter B) for the tubular and 
plate material. The welding test consists of observing the character- 
istics of the rod during a welding operation. Scrap pieces of tubing, 
having the same properties as the base metal selected for this investi- 
gation can be used, upon which the rod is deposited by aid of a suitable 
oxy-acetylene welding flame (neutral), the weld being either in the 
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form of a joint weld or upon the surface of the tubing. Under this 
test, which should also be made under the direction of an experienced 
welding supervisor or metallurgist, the rod shall flow freely, show evi- 
dence of being free of dirt, or oxides. 


D. QUALIFICATION OF WELDERS 


The welders, before being permitted to weld any of the specimens in 
this investigation, shall be required to pass the following qualification 
test. 


Each welder shall be given a designating number or letter which shall 
prevail throughout this investigation. Form No. 1 has been prepared, 
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SPECIFICATIONS 


Preparation of Eages - Cut square. Surfaaes to be welded 
dnc ing surfaces inside joints to be thoroughly cleane 


of oxides and any foreign matter as heretofore specific? 
Tack. ng ~ Four teck welds, two each side, near end of plat. 
at point of fillet welds and two tack Welde near ends of 
Plate at point of butt weld. 
Method of Welding - Specimen to be placed in convenient 
position for each of the three welds. Welding is to 
be done forward or backward. Backward is recommended. 
Reinforcement - Aa shown for fillets. For the butt weld, 
W thickness minimum, 1/8" maximun. 
tration - To points "x". 
° finished Welds - As shown. “ 
elds - Tapered gradually to base metal either 
6 of weld. 
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upon which shall be entered, the welder’s identification, years of experi- 
ence in welding, class of work employed on, and similar data. Welders 
not having experience in welding materials similar in character to those 
to be used in this investigation, should be referred to a training school 
before being subjected to the test. On the reverse side of this Form, 
‘there is provided space for the result of the Welder’s Qualification Test. 
See Form No, 2. 





Preparation of Joints - Intersections to be carefully 
as woe matched. Surfsces to be welded 
including surfaces inside joints, 
to be thoroughly cleaned of oxides 
and any foreign metter as hereto- 
fore specified. 





Tacking - Tack welde 3/16" to 1/4" long where marked » 


Method of Welding - Specimen to be welded in fixed position 
insert plate vertical with principal 
member uppermost. Welding to be doné 
forward or backward. Backward is re- 
commended. 


Penetration - To the root of fillet. 





Contour of Weld - Tapered gradually to base metal either 
Bide of weld. 


The forms shall be properly filled in for each welder and be submitted a: 
a record for the final report of this investigation. 


PRELIMINARY TEST 


(Essentially an observation test to determine an unrated applicant’: 
ability, intended for the purpose of economically disposing of operators 
unskilled in this type of welding.) 


Scrap materials of like properties to that to be used in the investiga 
tion, can be used. 
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Rotative Butt Welds—Welder to make an open butt weld joining 
two short sections of tubing for each of the two grades of steel 
specified herein. The designs and specifications for this test speci- 
men are given in Figure “A.” 


Position Butt Welds—Welder to make an open butt vertical weld 
joining two sections of 2-in. tubing in either of the two grades of 


steel specified herein. The designs and specifications for this test 
are given in Figure “B.” 


Horizontal Fillet Welds—Welder to make a fillet welded specimen, 
joining a 3/16-in. plate to a 1%-in. tube section in either one of 
the two grades of steel specified herein. The design and specifica- 
tions for this test specimen are given in Figure “C.” 
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The material shall be thoroughly cleaned before welding in the regions 
of welding, of all oxides or any foreign matter. Cleaning can be done 
either with a stiff wire brush, a file or emery paper or by grinding if ; 
necessary. F 
Welder to select tip and determine gas pressures. E 
Welder to weld one fillet forward and one backward. : 
Welder to select wire size. : 
The welding inspector or supervisor shall, during the welding opera- s 
tions, look for the following factors of manual skill (a to 1 inclusive) § 
‘ 
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of the welder and shall determine whether he has sufficient skill to pro- 
ceed with the final qualification tests. 


(a) 
(b) 
(ce) 


(d) 
(e) 
(f) 
(g) 
(h) 


(i) 


(j) 


(k) 


(1) 


A clean welding tip. 

Soft neutral welding flame, neither pointed nor irregular. 
Penetration to inside wall of tube, or to points “X” and to 
see if welder permits excessive weld metal to protrude into 
the tube. 

“Floating out” of oxides or any dirt in the weld puddle. 

Even fusion into the base metal. 

Regular movement of the welding torch. 

Occasional check for neutral flame, by throttling back to neutral 
indication, a momentary excess of acetylene. 

Uniform incorporation of filler material with the progressing 
weld puddle. 

Production of a regular weld contour and proper tapering of 
the weld along the sides in accordance with the sketches in 
Figures “A” and/or “B.” 

Maintenance of clean, molten metal at all times during the 
welding operation. 

Proper incorporation of the weld tacks into the final weld, 
particularly the fusion at such points. 

Proper “closing out” of weld at finish where the progressing 
weld engages the start of the weld, where care should be exer- 
cised on the part of the welder to see that the finish of the 
weld is thoroughly penetrated into the previously made weld. 


The fillet welds in specimen Type “C” are to be remelted by aid of a 
suitable welding flame, to expose the character of the weld such as its 
fusion, penetration and the general density of the deposited metal. 


FINAL QUALIFICATION TEST 


If the welder has satisfactorily passed the Preliminary Tests set out 


above, he shall next be required to pass the following final qualification 
tests: 


4, 


2. 


6. 


Open Butt Tensile Test (Rotative and Vertical Position Welding.) 
Insert Plate Joint Fillet Welded Test (Horizontal Welding.) 


Composite Joint, including compound or rewelding (General Po- 
sition Welding.) 


Material 


Tubing—*4-in. O.D. x 0.028 Grade 57-180-1-A. 


2-in. O.D. x 0.065 Grade 57-180-2-A. 


Plate (Dimensions as shown) Grade 57-136-3. 
Plate (Dimensions as shown) Grade U. S. Navy—47-S-14. 


Welding Rod—Mild Steel Grade U. S. Army—®57-203-A— 
Grade E. 
Sizes: 1/16-in. for 0.028 thickness. 


“ 1/16-in. or 3/32-in. for 0.065 ~ 


Material to be carefully cleaned for welding, as specified hereinbe- 
fore. 
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4. Open Butt Tensile Test (Rotative and Vertical Position Welding). 
This test requires the welding of six specimens similar to Figure “D” 
in each of the two grades of steel specified. 


For each grade of tubing, four of the six specimens shall be rotated 
during the welding operations for the convenience of welder, the speci- 
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mens being at all times horizontal with respect to the longitudinal axis, 
and shall be tested as hereinafter set forth. The welding shall be 
done in accordance with the specifications accompanying Figure “D.” 


Two rotative and one vertically welded specimen (3 in all for each 
grade of steel) shall be tested (in full size section in a tensile testing 
machine), for strength at the yield point and at the point of rupture. 
The yield point to be determined by the drop of beam. The speed of 
the movable head not to exceed 0.43 inches per minute 


__ Direction oF 
Torch & Weld 











/ Weld Meta/ 
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FORWARD WELDING 


Direction of 
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Two rotative and one vertically welded specimen (3 in all for each 
grade of steel), shall be tested in full size section in collapse as here- 
inafter set forth. 


Required Tensile Strength: The strength of the specimens shall be 
sufficient to either cause failure outside of the weld (for this purpose 
the width of the welds shall be taken as a section 1% in. wide, centering 
with the center line of the joint) or shall in any event be not less than 
that given in the following table: 


me 
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TABLE No. 1 
Ultimate Tensile 


Material Strength, lbs. per 
8q. mm. 
ey SN a Se i ph eed se wishes 50,000 Ibs. 
oe ES Ea ea ie as eae ae oie 80.000 Ibs. 


Collapsing or Ductility Test: This test is to be used for welds that 
join tubes of the same diameter when all the branches are in the same 
plane. The welded test specimen should be placed on the tensile testing 
machine and crushed by pressure applied with the movable head, as 
shown in Figure “E,” so that the height of the specimen when removed 
from the machine, has been reduced to one-half its original outside 
diameter. Any test weld in aeroplane tubing that is cracked by this 
treatment shall be considered unsatisfactory. 
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5. Insert Plate Joint, Fillet Weld Test (Horizontal Welding): This 
test requires the welding of one specimen similar to Figure “F,” in 
each of the grades of steel specified herein. The specifications accom- 
panying Figure “F’’ inform the welder of the welding requirements 
governing this test specimen. Upon completion of welding, the speci- 
mens shall be cut in sections through (1)-(1) and (2)-(2), as shown 
in Figure “G.” The surfaces of these sections (one for each section ex- 
posed) should be prepared for macro-etching as recommended herein 
under “general specifications”. 


The prepared surfaces in the zone of the welds shall be inspected for 
the following factors: 


(a) Conformity of dimensions of welds to those given in 
Sketch “F.” 
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(b) Penetration of Welds—Fillet welds shall have full pene- 
tration to the points marked “X.”’ The tee butt weld 
shall have full penetration to the points marked “X.” 

(c) Fusion—The several welds shall be uniformly and com- 
pletely fused to the base metal at all points of contact. 

(d) Sound weld metal, free from gas pockets or holes, fis- 
sures, plates of oxides, laps or similar defects. 


6. Composite Joint (General Position Welding). 


This test is specified for the purpose of observing the welder’s ability 
to weld a typical four-member reinforced joint for aircraft and in a posi- 
tion characteristic to that of production practices. The design and speci- 
fications are given in Figure “H.’’* 


The nature of the design and the position of the specimen for welding 
requires the welder to make welds in several unhandy positions, also to 
superimpose welds upon previously made welds. His ability to produce 
a satisfactorily welded joint under these conditions shall be thus deter- 
mined. 


Upon completion of welding, sections through the specimens shall be 
exposed through the center of the welds (Sections (3)-(3) and (4)-(4) 
Figure “H”) by sawing and be prepared for macro-etching, as recom- 
mended herein, under “General Specification”. The prepared surfaces 
in the zone of the welds shall be inspected similarly as for Final Test, 
Fig. “F” and “G” herein, especial attention being given to the locations 
where compound or rewelding has been done. 


GENERAL SPECIFICATIONS 


Heat Treatment: No heat treatment other than that which normally 
occurs immediately succeeding the welding operation, shall be given any 
of the specimens welded for this investigation. Upon completion of weld- 
ing the specimens shall be cooled in air to room temperature. 


Macro-Etching: The specimens for macro-etching are prepared by 
grinding or filing until the surface is flat. Then the grinding or polish- 
ing should be continued on successively finer abrasive wheels or grades 
of emery paper. Each grinding should remove the scratches left by the 
previously used coarser wheels. The final polishing should be with num- 
ber 1 emery paper. 


A saturated solution of ammonium persulphate should be used for 
the etching. It may be applied with a small cloth or wad of cotton. 
When the etching is finished, hold the specimen under running water and 
rub with a cloth or cotton, then wash with alcohol and dry quickly. 


The etched specimen may be inspected for the following: thoroughness 
of penetration of the welding; contour of weld; fusion between weld metal 
and base metal; freedom from cold shuts, blowholes, and non-metallic 
inclusions. 


*The design of the specimen is similar to Figure 7, Bureau of Standards drawings 
A-314, 315, 316 and 317, attached to their Report No. 1 
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WELDING SPECIFICATIONS FOR INVESTIGATION 
SPECIMENS 


Material 
See section on “Material” herein. 
Preparation for Welding 


The material shall be prepared for welding by machine tools or by 
grinding and similar to the details for the several types of joints shown 
in Figure 1 herein. The faces of joint in tubes and plates for butt weld- 
ing or butt fillet welding shall be machined square; that is, no beveling 
shall be done. For tubular intersection joints the edges of the tubes 
shall in general be either ground or filed to avoid thin sections which 
would readily melt away when applying the welding flame. (See Figure 


1 herein.) Especial care should be given to obtain a neat fit at all points 
of intersection. 


Before welding the specimen shall be mounted accurately in a jig 
similar to that shown in Figure “J” herein, and tacked at a sufficient 


number of points to insure a constant joint spacing during the welding 
operation. 


Position of Specimens During Welding 


All specimens shall be welded with the principal or longitudinal axis 
horizontal so that the majority of the welds can be made in a flat position. 
The jig shall not be moved, however, until the welding on one side of a 
horizontal plane is completed. The jig can then be turned over and the 
welds on the other side made as before. Variation to the above may be 
made under special provision by the Bureau of Standards. 


Welding Gas Flame 


The type of welding flames recommended are shown in Figure “K” 
herein, “Welding Flame Characteristics,” Detail] No. 1 or No. 2 being 
desirable. 


Method of Welding 


Either “Forward” or “Backward” welding method can be employed; 
however, the “Backward” method is recommended wherever it is con- 
venient to use. An explanation of this is illustrated in Figure “L” 
herein. Care should be exercised on the part of the welder to avoid 
undercutting of the base metal at the edges of the weld and to produce 
an even weld contour. In “closing out” a butt weld or when engaging 
a previously made weld of any type, the welder shall, in addition to effect- 
ing thorough fusion and penetration, reheat the weld zone at the closure 
for a reasonable distance beyond. Generally 1 in. is sufficient. Weld re- 
inforcement should be not less than the wall thickness, or a minimum of 
1/16 in. and %& in. maximum, except as may be otherwise specified. 


Additional requirements for reinforcement are shown in Figure “I” 
herein. 


Gaging Welds 


For this class of construction, the gaging of welds is somewhat diffi- 
cult except for the open butt type, due to unsimilarities. The committee 
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submits for the Bureau’s consideration the type of gages which the 
American Bureau of Welding developed for gaging the welds involved in 
the Program of its Structural Welding Committee.* The gages for th« 
butt welds will apply with slight modifications, whereas the gages for th 
standard fillet welds and the various forms of fillet and butt welds wil! 
require complete revision as to dimensions, due to limiting space allowed 
for gaging. 


An experienced supervisor or inspector can determine to a fairly close 
degree the conformance of weld dimensions to the requirements of the 
design by careful visual inspection with the aid of a small steel rule. 


Welding Jigs and Fixtures 

For assembling the specimen herein and for tacking and welding th« 
jig and fixtures shown in Figure “J” herein are submitted for considera- 
tion. Essentially, the design provides for assembling the several parts 
at various angles and for adjustment of the longitudinal plane of eleva- 
tion of the principal member, also for access for welding on reverse side 
of specimen without taking it out of the jig. The fixtures provide for 
assembling the various types of gusset or insert plates to any size of 
tubing. 


Recheck of Welders 


It is recommended that the welders employed for welding the test 
specimens herein be rechecked or requalified in part, at intervals of on 
week after the first welding has been started and at intervals of two 
weeks thereafter, until all of the specimens have been welded. 


The “Open Butt Tensile Test” Figure D herein is recommended fo: 
this test, the strength of which shall conform to the requirements 
set out before. However, the number of the specimens can be reduced 
to one-half. In event the recheck discloses results below the requir: 
ments of the original qualification test, the welders shall be rechecked 
as set forth in the original qualification test. 

Weld Tightness 

Inasmuch as it is a desirable feature of welds in aircraft to be tight 
against leaks, it is recommended that the specimens be subjected to a 
pneumatic leak test. The pressure may be raised to three or mor 
atmospheres, depending upon the service of the joint, and while the pres 
sure is “on” inspection for tightness can be made by the aid of soap) 
water applied over the surfaces of the welds and adjacent metal. An) 
pinhole leaks can be corrected by rewelding. This procedure is recom 
mended as a means of preventing interior corrosion of the tubes i) 
service and to avoid the necessity for flushing the tubes with oil. Weld 
ing properly done and inspected as herein set forth may solve the pro! 
lems of interior corrosion. 





*See Fig. M. 











Discussion of Technical Papers Presented at Fall 
Meeting of American Welding Society 


Discussion Paper on “Erection of Buildings by Welding,”* prepared 


by Mr. J. F. Lincoln, and presented by Mr. J. C. Lincoln, Lincoln Elec- 
trie Co. 


Mr. Lincoln: One of the difficulties encountered in the practical 
erection of a building when the steel comes from a mill is that the 
length of the beams as received from the mill is not always exactly 
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what is ordered. I understand there is an allowance made of plus 
or minus % in. 


I suspect that this is one thing which has made welding somewhat 
more difficult than it otherwise would be, and as I see it, there are two 
methods of getting rid of this difficulty. 


First, I don’t believe there would be any serious trouble in getting 
a closer limitation on the variations than is obtained at present. In 
other words, the present limitation is % in., plus or minus. I imagine, 





*Paper published in September, 1928, issue, Journal of the A.W.S. 
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by paying a little more, that a smaller limitation could be obtained. 
For instance, if the beams were cut off cold by a Ryerson saw, the 
beams could be cut almost to exact length. 


Another scheme of taking care of a variation of %-in. plate is 
shown in the two accompanying figures. 


Fig. 1A shows a plate used for a vertical column with beam attached 
to it. 


Fig. 1B shows an elevation of the same column and beam. 


Welded to the bottom of the beam is plate with elongated holes in it, 
shown in Fig. 1A. These elongated holes are to take care of varying 
lengths of the beam. The elongated holes in the plate welded to the 
beam and the round holes in the angles welded to the vertical column 
would be punched with the same center distances as indicated on 
Fig. 1A. 

All these schemes that you see in the figures are simply devices t 
make it possible to erect the building preparatory to plumbing, b) 
bolting, without having any punched holes in the beams as received 
from the mill. Beams are ordered from the mill to the desired length, 
and there are no holes punched in the beams themselves. All holes 
are punched in these additional parts which, as I have indicated here, 
can be done with absolute accuracy at a very small expense, and these 
parts are welded to the beams which are to be used and preparatoril) 
bolted. With these schemes, and many others that will suggest them- 
selves to people actually doing the work, it would be possible to erect 
the building very much the same way as is done now. The beam 
would be swung into place, temporarily bolted, and as many floors as 
desired erected. The building is plumbed, and when the building is 
plumb, then the welding can proceed. 


The figures in the text show the particular schemes which are sug- 
gested as illustrations. Probably a number of others could be used 
It is hard to see why if these schemes which are indicated in the 
paper would be adopted, it would not be possible to erect a building 
by temporarily bolting it with about the same ease that the ordinar) 
riveted beams are assembled at the present time. But there are doubt- 
less other schemes which practice will show to be equal or superior 
to those shown in the paper. 


President Llewellyn, U. S. Steel Corporation: There is time for : 
brief discussion of Mr. Lincoln’s paper. There are two features in 
the paper that appeal to me, the first being that it describes an actual 
structure. Descriptions of actual work, giving the experience o! 
those who had to do with them, are worth much more than theorizing 
on what might be done. The building in Cleveland which formed 
the text of Mr. Lincoln’s paper, is, I believe, now up. A comparison 
of the detailed method of arranging the various connections, erection 
and the other features involved, makes for real progress. 


The second point was the very interesting transposition of the col 
umns and the beams and girders. A number of years ago, in the 
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days of cast iron and wooden columns, the beams and girders ran 
through the entire width or length of the floor area, and the columns 
extended vertically between them, resting on the top of the girder 
below and stopping on the under side of the girder above. With the 
use of riveted construction this arrangement was modified for excel- 
lent reasons. The columns ran through, the beams and girders ex- 
tending only to the outside faces of the columns. As I understand 
this Cleveland building, it was found advantageous to revert to the 
old method. In a word, the beams and girders run through, and the 
columns stop above and below them. The space between the girder 
flanges is, I believe, reinforced by vertical members of sufficient size, 
adequately welded, to transmit the column stresses. That building 
was a low building, three or four stories high, and for such purposes 
I can see no objection to this method. I am not quite sure just how 
such construction could be practically applied in a very tall, narrow 
building, where wind stresses of large amount had to be transmitted. 


Mr. F. M. Farmer, Electrical Testing Laboratories: Mr. Lincoln 
mentioned the lack of a sufficient number of men trained in the proper 
application of welding to building construction. I wish to mention 
an instance where that situation was directly responsible for the de- 
cision against welding which was finally reached in a large building 
operation. 


The Leeds and Lippincott Corporation, which operates the Haddon 
Hall-Chalfonte Hotels at Atlantic City, is embarking upon a $6,000,000 
building construction program. I recently had an interesting talk 
with one of the officers of the corporation and found that this very 
question of competent operators had cropped up in the preparation of 
their plans. 


The program consists of three parts. One is an addition to their 
power plant, the second is the erection of a large garage and the 
third and most important of all the replacement of the present wooden 
structure at the rear of the front part of Haddon Hall, with a build- 
ing to be something like twelve stories high. 


When these changes were first considered, several months ago, the 
question of noise immediately came to the foreground because they 
have to carry on their hotel business. They looked into possibilities 
of meeting the situation by the use of electric welding. After due 
consideration the final decision in the erection of these buildings was 
as follows: In the addition to the power plant the steel work will be 
electric-are welded, the garage will be the standard reinforced con- 


crete construction and in the hotel building the steel work will be 
bolted. 


The reason welding was not used on the hotel building was this: 
It was pointed out that the essence of the hotel building operation 
was speed. The construction must be done during the off-peak period, 
that is, between the fall and spring. Of course, during construction, 
their room space would be very much curtailed and it was desired to 
keep this period as short as possible. They found that the engineers 
handling the job were quite willing to use welding but they could 
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not guarantee that the building would be up in the time fixed. In 
other words, there was an element of uncertainty as to whether they 
could get together and keep on the job a sufficient number of properly 
trained welders to carry on that operation without delay. And be- 
cause of that element of uncertainty, the hotel people felt they could 
not take the chance. 


On the power plant the conditions are different. They have plenty 
of power available so that a delay of a few weeks in the completion 
of that extension would not be a serious matter. But with the hotel 
building no possible delay which could be anticipated could be tolerated 
and consequently that building will not be electrically welded. 


Mr. B. Yates, J. T. Ryerson & Sons: Mr. Lincoln mentioned a while 
ago that a variation of *, in. in the lengths of structural steel parts 
as they come to the job offered a handicap to the application of arc 
welding. 


I believe the warehouses throughout the country are equipped to 
furnish material to a much closer variation than this. If I am not 
mistaken, the trouble is that the mills are not equipped to cut closer 
than “*s in. and where the material is purchased direct from the mills, 
this trouble would be experienced. I believe, on the other hand, that 
the warehouses have the equipment to cut with a variation under 
1/16 in. and material so cut should be satisfactory for fabrication 
and assembly by arc welding. 


Mr. Ernest Lunn, Pullman Car & Mfg. Corp.: I have been very much 
interested in Mr. Lincoln’s paper, especially in regard to hand weld- 
ing as compared to machine welding. There is a good deal to be 
said along that line, it seems to me. Hand welding is supposed to be 
slow, and it is, in the majority of cases. I doubt whether it is neces- 
sarily slow. It has been my experience that where hand welding is 
used, those who are responsible for arranging the work for the welders 
are at fault for their slowness. 

About a year and half ago the question of erecting something like 
seventy towers, 15'% ft. high, 5 ft. square, with corner posts, came up. 
Riveting was, of course, considered the proper method of putting the 
towers together. But the estimated cost was so much higher than 
the money appropriated for the job, that it was considered that weld- 
ing might be used to advantage. Those responsible for the job were 
a little bit doubtful about the speed of welding. The matter was put 
up to some welding contractors, but the prices quoted were altogether 
too high. Those responsible for the work were getting discouraged. 
Our own organization took it in hand with a successful outcome. It 
was because the welder was not given any other thing to do except 
to weld. It was found that instead of an inch a minute, as the aver- 
age welder figures on, he could go from 5 to 7 in. a minute when he 
wasn’t disturbed at all about the work that he had to do. The welds 
were made with 3/16-in. electrodes and about 300 amperes, a much 
higher current density than had ordinarily been used. Some were 
skeptical as to the efficacy of the welds, but they were tested and 
found to be perfect. 
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It seems to me that in erecting buildings where welding is to be 
performed, if those responsible for setting up the work will do their 
part, welding costs will be reduced to a minimum, 


Mr. W. Nelson Mayhew, Montgomery Iron & Steel: We have not 
put into our plant any electric welding equipment, although we have 
a number of the oxy-acetylene outfits. We have had a rather sad 
experience having welding done for us on large window frames. 
Based on this experience, there are several questions I would like 
to ask Mr. Lincoln. 


1. Have you arrived at any definite costs per ton—I mean for 
welded structures as compared with riveted structures. 


bo 


On the window frames it was impossible for us to use the 
little fittings that you have on the bottom of your beam, as 
shown in your sketches. In other words, we have had one beam, 
a small beam that butted against another beam. The welds 
appeared on the surface to be perfect. 


In my experience of some thirty years in the steel industry, using 
an ordinary hand weld or blacksmith weld, you have some definition 
of whether the welding has been done properly, but in an electric 
weld how are you going to tell if the weld is perfect? We actually 
demonstrated in trying to straighten several of these beams that the 
weld broke right off, although the weld looked perfect and was pro- 
nounced perfect by men who are expert in that line. Then we found 
we had to go into some hundreds of dollars of expense in straighten- 
ing up the structure after it was welded. We had not only the butt 
welding, but some of the angles and plates were welded along the. 
seam, along the length of the other beams, and they came out in the 
most hopeless twist I ever saw, and it was a very expensive proposi- 
tion to correct. 


Now I am particularly interested in installing electric welding 
apparatus, but only when I have been convinced it is practical; and I 
would like to know if there are any figures available as to the relative 
cost between riveting and welding. 


If I remember rightly, what really happened was this (draws dia- 
gram of sash on board). In our judgment, the thing was impractical. 
We used about 8-in. beams. These were the 6-in. beams across here. 
Now running down here, inside the rectangular frame, was a bar, 
making a rabbet. In other words, that rabbet bar extended over the 
beam like this (draws). We paid, I think, something like 40 cents 
a foot for the welding, we did not do it ourselves; and we paid about 
$1.50 per foot to straighten the frames after they came back. The 
architect refused to allow any connection between the bar here and 
this other beam. In other words, a simple butt weld without any 
connecting plates or angles. In our endeavor to straighten this 6-ft. 
beam, the welds would break. Why, I do no understand, as the weld 
appeared perfect and was made by an experienced welder. 


Mr. J. C. Lincoln: In answer to Mr. Mayhew’s question. I rather 
think any organization which took up the erection of a building by 
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welding the first time should expect the first installation would be as 
expensive, if not more expensive, than riveting. I will say this, that 
the cost of riveting a building at the present time is very likely a 
small portion of the cost of riveting a building fifty years ago. 
The difference between the cost of erection of a building fifty years 
ago and the same building now is due to the better acquaintance 
of the people who are doing the work with the job they have got to 
do. That is the chief thing. Now I will say this: We have an organ- 
ization that takes care of costs in our factory, and the man in charge 
of it has demonstrated by a good many years of success that his 
estimates of what he can do in costs can be depended on pretty; 
closely. The erection of this building by electric welding, that | 
speak of, cost in the neighborhood of $2,500. This man, who had 
charge of the work and has charge of similar work in our factory 
estimates that after he built five buildings by welding that the cost 
of welding would be one-third of what it was on the first building 
Now I rather think that any green organization having had no ex- 
perience in the erection of riveted buildings, starting out—the fifth 
building they put up might be expected to cost one-third of what 
the first one cost, assuming a green organization in both cases. Th: 
difference is that in a riveted structure we do not have a green or- 
ganization, we have an organization with years of training. In mos' 
cases, with the welded structure, you have to start with a green 
organization because arc welding is so young as yet. 


Now, in reference to the other question that has been brought up, 
the question of drawing the parts out of shape by welding, which 
difficulty I think you experienced, that is something which is rea! 
and which has got to be fixed, and which is a matter of design. On« 
of the very interesting papers which was brought out by the Lincoln 
Arc Welding Prize a year ago, was a paper by Mr. W. H. Himes on 
“Are Welding Breaker Trucks.” Those of you who are acquainted 
with portable switchboards know they are rolled out on wheels and 
then are shoved into place, and quite a number of switch contacts 
have got to be lined up so they are dependable, so they will shove 
into the parts which are in the stationary part of the switchboard, 
so as to get a perfect connection. That work, you see, is one which 
requires very considerable accuracy. Mr. Himes, the author of the 
paper, started out with bolting, and finally developed his work to the 
point where he could weld these structures without difficulty, and 
the method which is being used by this company in the construction 
of these portable switchboards now is the welding method. Mr 
Himes’ paper appeared in the November issue of the Journal of th« 
A. W. S., and gives a discussion of how these strains which you speak 
of, and which always exist in a welded structure, were overcome 
I suspect Mr. Himes’ structure was even more difficult to take car 
of than yours would be. But what you speak of is something which 
always exists in welded structures, and which, I think, experience has 
shown can be overcome by proper design. 


Now on the question of the inspection of the weld, determinin 
whether a weld is good or bad by inspection—I will have to refe 
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that to Mr. Owens who has charge of a good many—miles, I was going 
to say—thousands of feet of welding every year, and he can answer 
that better than I can, because that is his job and mine is not quite 
so closely related to construction welds. 


Mr. J. W. Owens, Newport News Shipbuilding & Dry Dock Company: 
In order to secure consistently sound welds in our organization, we 
have a free evening school for the training of welders, the students 
of which are required on completion of their course to make a single 
“V" butt weld in a °¢-in. test plate in the flat, vertical and overhead 
positions. Specimens cut from this plate must show a minimum of 
45,000 and an average of 52,000 pounds per square inch in all positions. 


I consider that any welder complying with this test knows how to 
obtain consistent fusion, and if provided with proper equipment, 
materials and supervision which would require the use of suitable 
current values, it would be almost impossible to make an imperfect 
weld. 


Relative to the ease with which a weld was fractured and which 
was referred to by one of the speakers, it is probable that the weld 
section was not great enough to cause bending to take place outside 
of the weld. My experience has shown that weld failure is in a great 
many cases chargeable to poor design rather than to defective work- 
manship or the physical characteristics of the weld metal. 


Relative to warping, this cannot be solved by any one specific 
method. In general, I have found that when lap and tee joints are 
used and the structure is properly stiffened so as to obtain small 
panel areas, that warping will be negligible. The advantage of this 
method of construction is that assembly can be completed prior to 
welding, and the sequence of welding does not have much effect on 
the amount of warping. 


What we need today is intelligent shop supervision. To illustrate, 
we recently welded a hydraulic gate on which warping was noticed 
when one side of the gate had been partly welded. The intelligent 
Supervisor on the job immediately turned the structure over. By 
welding the reverse side at that time it was possible to straighten 
the gate. 


President Llewellyn: I think that would be a very interesting ques- 
tion to go into with blueprints; more in detail, perhaps, than can be 
done in open meeting here. 


TUESDAY AFTERNOON SESSION 
Oct. 9, 1928 


F. M. FARMER, PAST-PRESIDENT, PRESIDING 


Discussion paper on “Production Welding in the All-Steel Auto- 
mobile Body Industry,”* by Mr. J. W. Meadowcroft, E. G. Budd Mfg. Co. 


Mr. J. W. Meadowcroft: About five years ago, in New York, I talked 
on the subject of manufacturing automobile bodies. At that time I 





*Paper puvlished in the September, 1928, issue of the Journal of the A.W°S. 
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mentioned the possibilities of flash welding long seams. I have 
brought with me today two reels of pictures that were taken at that 
time, and in this paper I have endeavored to bring out just that 
particular point. In the welded products exhibit, take particular 
notice of the long seam on the rear of the automobile (tonneau) that 
has been flash welded together in seven seconds. (Reads article 
from Journal and shows films.) 


Due to the pressure of business, it will be necessary for me to 
return to the plant, therefore I have made arrangements for Mr. 
Edward Coyle, superintendent of production department of the Weld- 
ing Division, who has been associated with me for about twenty 
years, both at the Hale & Kilburn plant and the Budd Mfg. Company 
to discuss the paper in my stead. 


I am sure Mr. Coyle will be able to give you an intelligent answer 
and if there are any points you would like to write me about, I will 
be very glad to answer your questions. 


Mr. Meadowcraft: I brought some data here on these flash welds 
so that in case there are any questions, or even without being asked, 
Mr. Coyle could give you some very valuable data on the flash welds, 
regarding length of seams and so forth, that might be valuable to you. 


Mr Doane: May I ask Mr. Coyle about the welding dies, just how 
they confine the metal in flash welding? 


Mr. S. W. Miller, Union Carbide & Carbon Res. Labs.: I wonder if 
the question was understood? The question, as I understand it, was 
how do the dies confine metal; that is, what is the method of holding 
the metal? 

Mr. E. Coyle, E. G. Budd Mfg. Co.: Well, as stated by Mr. Meadow 
croft, the transformers confine the lower dies. The upper dies come 
down, and we use 90 pounds of air pressure when it comes down, and 
at that point, on the cowl, for instance, that gives you anywhere from, 
I would say, sixteen to twenty thousand pounds pressure coming fron 
the top down. That is why it is hard to get this die material t 
hold up. 

Mr. Miller: In other words, the idea of confining the metal is t 
keep it from spreading beyond a desirable amount. 

Mr. Coyle: Yes. 

Mr. Miller: And to allow the metal being pressed together so that 
it can be welded. Of course, where you have that very large surfac 
being heated up at one time, you must use some particular kind of 4 
die to keep it in line on that material or you wouldn’t be able t 
get welds at all. 

Mr. Coyle: Yes, that is right. 

Mr. Toby: May I ask Mr. Coyle about the size of the transformer: 
for that machine, and also what overlap you allow for the work 
How much does the work project beyond the die? 

Mr. Coyle: We allow an overlap of about 4 in. or 5/16 in. Our cov 
transformers are 200 kw. 
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Mr. J. C. Lincoln: I don’t think we got the idea Mr. Coyle wanted 
to convey in that other question. As I understand, the metal projects 
from the dies about one-quarter to five-sixteenths from each die. That 
would make the dies from a half-inch to five-eighths apart before the 
weld is made, if I get it correctly. Is that correct? 


Mr. Coyle: Yes. 


Mr. Coyle: Well, the way we set these machines the metal really 
does extend out about a quarter to five-sixteenth inches. After the 
weld is made they still extend out about a sixteenth inch, just enough 
to allow for the meta! that is flashed off. 


Chairman Farmer: Unfortunately, Mr. Meadowcroft had to leave 
us, but I am sure he will be glad to answer by mail any questions 
that would normally be presented as discussion at this time. Mr. 
Coyle, one of his assistants, who is here, will be glad to answer any 
questions also. 


I am sure we all greatly appreciate Mr. Meadowcroft’s work in 
preparing and presenting this paper and the films. 


Discussion paper on “Study of Welds at Elevated Temperatures”” 
by Prof. Charles Moser, Leland Stanford University. 


Chairman Farmer: The next subject, to me at least, is of rather 
unusual interest on three counts. 


First, it is a piece of research work dealing with a fundamental 
matter. Welding is, of course, going to be used in more and more 
fields. In many branches of industry, temperature is a very important 
part of the problem. Consequently, knowledge of the behavior of 
joints at high temperatures is necessary and essential for successful 
application in such cases. 


Second, the work which is being reported in this paper was initiated 
and sponsored, I believe, by one of our sections. That kind of an 
activity I would commend to the attention of our other sections. 


The third is that the author of this paper has come all the way from 
the Pacific Coast to present it. 


Gentlemen, I take much pleasure in presenting to you, Professor 
Moser, of Leland Stanford University, who has been studying the 
behavior of welds at elevated temperatures. 


Chairman Farmer: Gentlemen, this report of a most interesting 
piece of work is before you for discussion. 


Mr. S. W. Miller: I may be pardoned if I say a few words about 
the action of the San Francisco Section in this respect and about 
some other things. 


Several years ago the parent body in New York thought it would 
be a very nice thing if the various sections throughout the country 
could be interested in taking up some particular line of research 
work, practical or theoretical, which might appeal to the local con- 
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ditions in that particular section. That proposition was put up to 
all the sections of the Society, and there is only one of them that 
did anything, and that is the San Francisco Section. Mr. Laird, who 
is the chairman of this committee, is a man whom I admire greatly for 
his thoroughness and general all around ability. I don’t think that 
any of us fully realize the amount of work that has so far been done 
on this job, and I am sure that we don’t realize, becanse I don’t 
believe the committee themselves do, where it is going to lead. The 
question of the strength of any metal at high temperatures is ex- 
tremely complicated and one of the most difficult things to get ac- 
curate results on that has ever been attempted. When it comes to 
welds, the difficulties are increased many fold by the peculiarities of 
weld metal. I hope that when Professor Moser goes back that he 
can take with him to the San Francisco Section a formal expression 
of our thanks for the work they have done, and wishing them God- 
speed in the future conduct of the investigation. I also hope that 
Mr. Moser will convey my personal congratulations to Mr. Laird and 
the members of the committee, and I extend them to him now, as my 
personal appreciation of the tremendous value and interest of this 
investigation to welding. (Applause.) 

Mr. J. J. Crowe, Air Production Sales Co.: I haven’t had a chance 
to read this paper as carefully as I might, but I would like to ask 
Professor Moser if we are not justified in drawing the following con 
clusions from Fig. 13 and 14. Taking Fig. 13, it is noticeable 
that rod, I think No. 13, low carbon rod, while it has a lower tensil: 
strength at room temperature than the other rods, has a higher 
tensile strength than any other rod tested at its maximum, and that 
even well past the maximum it exceeds in tensile strength any of the 
other rods. And taking Fig. 14, are we justified in drawing the 
conclusion that, judged by proportional limit, the low carbon gas 
rod No. 13 has a higher proportional limit than any of the other rods 
up to approximately 400 deg., and compares favorably with the othe 
rods at higher temperatures? 


Professor C. Moser, Leland Stanford University: Figure 13 is not 
quite as clear as it should be. The curve for low carbon rod No. | 
remains under the curve for No. 1. It is above the parent meta! 
curve at 400 deg., but it is not the top strength. 


Mr. Crowe: In other words, looking at that No. 13 curve, it is : 
smooth curve, and reached its maximum at around 76,000 lbs. pe 
square inch. Is that correct? 

Professor Moser: It reaches its maximum at 450 deg. Curves fo! 
No. 1 and No. 13 do not cross. That should have been indicated i! 
some way on the figure. If you will examine the table of values 0! 
page 139, the matter will be made clear. 

Mr. Crowe: But it has a higher proportional limit than any of th: 
other rods at the lower temperatures. Is that right? 

Professor Moser: I hesitate to draw any definite conclusions r¢ 
garding the proportional limits. The nature of the specimen, whi 
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is a composite structure unbalanced both in dimension and material, 
makes it dangerous to say anything conclusive about the proportional 
limits. What we have given is merely what we have observed, and 
the figures on pages 137 and 138 will show you exactly how we arrived 
at the results. I should prefer that each man evaluate the figures as 
he deems fit. We have presented results in graphic form in Figure 
14, page 142. Should we make similar tests in the future and obtain 
similar results, we might reach more definite conclusions. 


Mr. Crowe: There is one other point I would like to call attention 
to, and that is with reference to the parent metal, in Figure 13, the 
ultimate strength is given as about 67,000 lbs. per square inch. Is 
that not rather high for steel, boiler plate grade, where the maximum 
is somewhat below that, according to the A. 8. T. M. specifications? 


Professor Moser: The manufacturer’s report gives 61,500 Ibs. per 
square inch as the tensile strength of the fire box steel which we pur- 
chased. As a matter of fact, it is about 10 per cent stronger. The 
manufacturer’s analysis varies slightly from that obtained by locai 


test. The two analyses are given on page 38 of the Journal for 
September, 1927. 


Mr. Ernest Lunn: I haven’t read the entire report, but it is my im- 
pression that some of these specimens were hammered and others 
were not. I wonder what relation that had to the final conclusions, 
if that is true? It has been my experience that in hammering electric 


welds you increase their tensile strength, at room temperatures at 
least. 


Professor Moser: The hammering referred to consisted of light 
blows of a pein hammer during annealing while specimen was cooling 
from approximately 1800 deg. to 1300 deg. Fahr. All gas welds re- 
ported in this paper were so hammered. 


Mr. K. V. Laird, A. S. Lindstrom Co. (BY LETTER): All the speci- 
mens which were gas welded, with the exception of 25-26 A and B of 


the preliminary tests, were annealed according to the following prac- 
tice: 


“The weld was hammered and torch annealed at a temperature 
corresponding to an orange color (1700 deg. Fahr.). Starting with 


the cold piece the annealing took ten minutes of torch heat applica- 
tion.” 


The above is quoted from the data blank which was submitted with 


the specimen plates and was filled in by the welder who did the work. 
This welder is a Number One man on the staff of a large oil company 
which is using welding in fabrication, “Not because it is cheaper, but 
because we do not know of any other method by which it can be made 
as good regardless of cost.” This quotation is from my memory of the 
talk given by an official of the company in question before a meeting 
of engineers of national standing in connection with the work of the 
San Francisco Section of the American Welding Society in the de- 
velopment of a welding code for pressure vessels. 

Needless to say, the practice followed by the company is the result 
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of the most thorough study and years of experience in work of un 
questioned hazard. 

You will readily understand the outstanding value of a specimen 
prepared with such a background. The writer did not presume to 
specify the practice to be followed in view of these facts as wi 
desired particularly to get tried and tested practice into the speci 
mens instead of some arbitrary and artificial procedure of the natur: 
of a laboratory standard. 

The electric specimens were prepared by a man whose work i 
frequently tested in connection with his work under the inspection 
marine underwriters. He is constantly welding under these condi 
tions and his work is considered good. 


As to our decision not to anneal the electric welds, this was agai! 
dictated by current practice, since it is seldom that an electric wel: 
is annealed other than as it may be subjected to temperature i: 
service. We are aware of the practice of certain leading easter: 
fabricators of large high temperature-high pressure vessels, but thi: 
practice in the hands of the people using it was not available and 
will, no doubt,.prove to be one of the interesting possible extensions 
of the program. 

The two specimen plate 25-26 A and B was welded by a demon 
strating welder of the manufacturer according to their recommende: 
best practice for this rod which they felt was not well enough know: 
to give to a welder not especially acquainted with it. The fact that 
Plate 53-54 A to J inclusive, was made by the annealing practice i: 
expected to afford an interesting comparison upon a metallographi 
basis. The test results indicating no apparent physical difference. 


It has been the feeling of the committee that work following recog 
nized good practice would furnish results of more use to the practica 
user of welding than work made under special conditions which must 
be put back under practical conditions before the results could b 
safely applied. If at some future time special methods can be de 
veloped under laboratory conditions to meet special purposes and th: 
program can include their test under conditions of industrial app! 
cation, so much the better. 


Your question, as I understand it, was concerned with what rath: 
than why of the annealing situation, but as the why follows, natu 
rally I have given you the above comments. 


Dr. G. Doan, Lehigh University: Among other things, I am pa! 
ticularly interested in the high results shown by the gas welds, an 
I wonder how they might be explained. In uniform bars, such 
tested, if the weld were only slightly stronger than the rest of the ba: 
the break will take place outside the weld, and I am wondering 
some alloy elements might have been introduced into the weld, eith: 
from the flux on the wire that was used or from the reducing a! 
carbonizing action of the gas flame. I am wondering if the wel: 
themselves, after breaking, were found to contain no additional e! 
ments. 


ee el 
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Professor Moser: Up to the present time no examination of the 
specimens has been made, as the final tests were completed only a 
few days before this report was prepared. Such an examination will 
surely be undertaken. The tested specimens and the original plates 
from which the specimens were made are all at hand, affording ample 
opportunity for structural study. 


Mr. J. W. Owens, Newport News Shipbuilding & Dry Dock Com- 
pany: About seven or eight years ago I prepared a large number of 
arc deposited specimens, using low carbon steel electrodes. These 
specimens were heated in the furnace to various temperatures and 
quenched. On being tested to observe tensile strength and ductility, 
it was found that the specimens quenched at about 1000 deg. Fahr. had 
the lowest tensile strength and ductility, the metal being very brittle. 
The curve obtained from these tests somewhat resembles that shown 
in Figure 13. In view of this investigation, I have been very careful 
not to employ welds in a structure which will be subject to a tem- 
perature around 1000 deg. Fahr. This investigation was presented 
as a paper before the Metropolitan Section of the American Welding 
Society on Feb. 24, 1921, and is reported in my book “Fundamentals 
of Welding,” The Railway Electrical Engineer of May, 1921, and the 
Welding Engineer of April, 1921. 


Mr. Wm. Spraragen, American Welding Society: For the benefit of 
the metallurgists, I would like to point out another report presented 
by the San Francisco Section in connection with this work, which is 
published in the September Journal, from pages 114 to 128. 


Mr. F. C. Fyke, Standard Oil Co.: I would like to ask the time that 
was used in heating these specimens—how long under temperature 
and also whether the points on the curves are the result of fractures 
through the welds or through the plates. 


Professor Moser: About three hours were consumed in heating each 
specimen. We have a complete thermal record of the work. The tem- 
perature was recorded on a Leeds-Northrup machine. The time tem- 
perature curves .are elliptical in form, rising quite rapidly up to 
within 50 or 60 deg. of temperature at which specimens were tested 
and becoming flat at about 1 hour thereafter. Specimens were tested 
some 20 or 30 minutes after curve showed no change in temperature. 
In this connection I wish to call attention to the behavior of the ex- 
tensometer dial, which is referred to on page 134 of the September, 
1928, JOURNAL. In reply to the other question, the ultimate strength 
of the specimens as tested determine the points on the curve. 


Both; some in the weld and some in the plate. All specimens were 
single V welds at the center of the machined section. Figs. Nos. 5, 
6, 7 and 8 of September, 1928, JouRNAL show locations of fractures. 
The ultimate breaking load of the entire specimen is recorded. 


Mr. J. C. Lincoln: I think that the San Francisco Section has done 
a very excellent piece of work and set an example to the other sec- 
tions that they ought follow. I want to congratulate the San Fran- 
cisco Section for having done such a very remarkable piece of work. 
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The information obtained seems to be of a very fundamental nature. 

One would expect, at least I would, that the maximum strength 
would have occurred around ordinary temperature, but as this inves- 
tigation shows, that guess was very, very far off. And I was wonder- 
ing if there was any speculation made as to why 600 deg. happens to 
be the temperature at which the tensile strength was maximum. 


Professor Moser: I have accepted that as a matter of fact; that is 
all I can say about it. Doubtless we are somewhat misled by our own 
activities. We function best at from 50 to 100 deg. and cannot quite 
imagine anything doing its best work at 600 deg., at which tempera- 
ture steel apparently has its greatest strength. 


Mr. C. J. Holslag, Electric Arc Cutting & Welding Co.: I want t 
extend my thanks, also, to the San Francisco Section for going ahead 
with this research on a subject hitherto guessed at, or entirely mis- 
understood, and they have certainly succeeded in adding strength to 
the advance of fusion welding. 


I cannot help but note that despite the apparent discussion of high 
variations both gas and electric welding reached the high point of 
75,000 lb. to the square inch, and both gas and electric welding tem- 
perature curves followed the curves of the parent metal extremel) 
satisfactorily. 


Despite all this congratulatory matter I feel it my duty to take ex- 
ception to two points, one an apparently small matter, the other the 
most important thing in fusion welding. Referring to page 136, it is 
said: 


“Lack of ductility of electric weld metal was apparent throughout 
the temperature range of these tests—and to the extent which this 
characteristic is general, it presents a problem for solution.” 


This reads to me that in the case of electric welding our problem 
is unfinished and we should go out and ape gas welding in the lin: 
of looking for a way to make our welds more ductile. 


This, in my experience, is not the way to advance, but gas welding 
should be used where its characteristics are best suited, and similarly 
use arc welding where its different attributes would be best appre 
ciated. 


I know this looking for a more ductile weld is a mistake; in fact, | 
know that if we could make ductile welds we would soon come to the 
conclusion that we should look for some way to have them stiff, for 
instance, supposing two pieces of steel were joined by a rubber weld. 
no matter how strong the rubber weld was or how big the section of 
the rubber weld, all bending and all alternating and vibratory stresses 
would center or focus themselves in the weld because of its ductility 
Are welding is a casting, and no matter how nicely made, whether by 
hand or automatic, there is always more defects in a casting tha) 
there is in a rolled or forged section, and if the weld was made ductil: 
these defects, whether inherent or accidental, would soon allow the 
weld to break down, whereas if the weld is stiffer and stronger tha! 
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the parent metal, all deformities will be transferred to the parent 


metal, which, being rolled, or forged or both, will always be the better 
able to withstand them. 


Electric arc welds, as at present made, are not as ductile as gas 
welds. The hydrogen bathed are is as ductile as a gas arc, but its 
nature would class it as a gas weld rather than an electric weld. 
Metallic are welding, then, is stiffer than gas welding and stiffer 
than the ordinary parent metal. It is because of this we should re- 
joice. 

The elastic limit and the ultimate strength of arc welding are very 
close together, you could almost say the elastic !imit was the ultimate 
strength, the yield point lying between these two, and the two being 
practically together all three are one. This means if the weld is 
anywhere near the prescribed section it will never bend, or stretch, or 
deform, but will compel the parent metal to do so, which parent metal 


is far better able to do. This characteristic of arc welding is its 
best attribute. 


Every time I hear someone looking for more ductile welds for the 
general run of structural welding I become more convinced that they 
haven’t studied the problem sufficiently. 


There are welds which should be ductile and these can be left to a 
special method, such as very heavy coated electrodes, hydrogen bathed 
arc, carbonare and general gas welding methods. 


The lesser point is that the welds were all machined to the same 
are as the parent metal and tested. The gas welds, under this test, 
break outside the weld more than the electric. The reason for this, 
although not mentioned in the paper is, I am pretty sure, due to the 
fact that gas welding weakens the metal a short distance away from 
the actual weld by change in grain structure, and electric welding does 
not heat the metal to any such red hot zone, and therefore a test 
made under these conditions is not fair to the arc welding process. 


The are welding often gets blamed for this attribute of gas weld- 
ing for even when we do so design the piece that it breaks outside 
the weld, it is thrown up to us by partially informed people that, of 
course, we have weakened the metal outside the weld. 


From another standpoint test specimens machined to the size of 
the parent metal are not fair to arc welding. The reason for this 
machining is generally to measure ductility, but as there is no duc- 
tility this is sort of needless expense and shows just the results that 


would discourage a man from using a very useful system if used cor- 
rectly. 


In my experience it would be unsafe to use either a gas or electric 
weld of a section exactly equal to a parent metal and ask for 100 per 
cent strength, and at the same time it would not only be unsafe but 
criminally negligent should loss of life result from said design. Fur- 
thermore, in a casting, of which all fusion welds consist, the skin of 
the casting is of relatively greater strength than any part of the in- 
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terior, why then cut away the best part and throw it away when test- 
ing to show the advantages of fusion welding. 


This, then, is an appeal to leave the welds in testing exactly as 
they are used in practice, and I, for one, can see no more reason for 
cutting off the insurance extra for fusion welding than to cut the 
heads off the rivets in riveting. 


Mr. Ernest Lunn: Mr. Owens mentions the quenching of welds 
Frequently, it is a question as to the safety of such practice and at 
what temperature it should be done. He stated that his tests showed 
that the tensile strength figures ran close to these published. The 
parent metal was quenched at 600 deg., where the greatest tensile 
strength occurred. Doesn’t that give us something to work on? It 
we wish to get the greatest strength in our welds let’s quench them at 
600 deg., if we can estimate that temperature. In production work it 
is sometimes necessary to quench welds before they have reached the 
temperature of the room. 


Mr. Llewellyn: The report indicates to me that welds behave pra: 
tically in line with the base metal at any temperature. 

I am not a metallurgist, but I think Professor Moser and Mr. Mille 
will bear me out—there is no connection other than a coincidenta! 
one between the behavior of metal or welds at an elevated temperatur 
and the characteristics of metal or welds which have previously bee: 
quenched at that temperature. Am I correct? 


Mr. S. W. Miller: - Yes. 


Mr. Llewellyn: I think, perhaps, this meeting would be interested 
in a collateral reference. Primarily, this investigation would seem t 
bear on the possibility of using welds in boilers and other vessels 
where fire comes in actual contact with the material. I would like, 
however, to call your attention to a recent development in another 
field. Until a year ago, the fireproofing of structural steel] was more 
or less haphazard. Within the last year our good friends and coopera 
tors, the American Institute of Steel Construction, through a specia 
committee on fireproofing, for the first time, I believe, anywhere, de- 
veloped a rational basis for rating fireproofing and corresponding]!) 
rated the allowable stresses in structural steel when subjected to fire 
hazards. I am not going into the details of that report, which has 
been adopted quite largely, but in a word, it amounts to this. Th 
fireproofing classification is rated according to the contents of ths 
structure. It is determined what temperature would be reached with 
in a given period of time by conflagration, which will vary with thé 
class of building, and corresponding to that classification the amount 
and nature of the fireproofing necessary is determined. A small pan 
phlet covering the details can be secured by addressing the America! 
Institute of Steel Construction either at their engineering headquar 
ters in Cleveland, or their administrative headquarters in New Yor! 

Mr. A. C. Jones: I am not a member, but I have been interested i! 
coming here and listening to this remarkable paper. I didn’t get 
chance to read it before I came here; I think the members of othe’ 
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societies are extremely interested in this work and will be interested 
in seeing this investigation followed through to its final solution. I 
suppose that the San Francisco Section wil! probably include in this 
investigation tests for long time and temperatures and this, of course, 
will probably emphasize the quality of the different metals that are 
used for rods at these temperatures. 


Regarding the curve rising at 600 deg., I think probably we all 
realize that this is a phenomenon that is well known. Sparron and 
French and Spring and Malcolm have all shown that around 600 deg. 
we get something like 5 per cent or 10 per cent increase in tensile 
strength. Some have found there is a dip in the curve around 350 
deg. from what it is at normal temperatures, and then it increases 
again at 600 beyond the strength at normal temperatures. 


Mr. H. M. Hobart, General Electric Co.: Do all steels have the 
characteristic, shown by Professor Moser’s paper, of a falling off at 
1000 deg. C. to something like half the tensile strength they have at 
ordinary temperatures? Before sitting down and receiving an answer 
I may say that I should be surprised if the answer is “yes.” I should 
suppose that the metallurgists are masters of their art to such an 
extent that if it were desirable to have a material with better char- 
acteristics at high temperatures, they could produce a metal, an 
original plate metal, that wouldn’t fall off to such an extent with in- 
creasing temperature. It would be unreasonable to expect that metal- 
lurgists should be able to obtain the origina] characteristics at the 
higher temperature, but, perhaps, they could sufficiently decrease the 
falling off in strength so that it would be a good thing for applica- 
tions where high temperatures are encountered. And also isn’t it 
wrong to assume that we can’t by different treatments make welds 
that will show better qualities at these high temperatures? It is sug- 
gested that if the original metal falls off to the indicated extent, all 
we can want is that the welded specimens shall not fall off at any 
greater rate with increasing temperatures and that we should all be 
quite contented about it because the welds aren’t any worse in this 
respect than the original metal. But I would like to know more about 
the original meta] and also more about improving the condition of the 
welded specimens. If the welds can be so made as to be better at 
high temperatures than the original metal it is an advantage and in- 
dicates welding as particularly appropriate for high temperature 
applications. 


Mr. Owens suggested that other types of welds might show less 
falling off in tensile strength. Also, I should like to ask Professor 
Moser whether he considers that the tensile strength information in 
his paper gives all the desired information as to the behavior of the 
materials at increasing temperatures. Don’t we need to know still 
more? Possibly bending tests and fatigue tests might give us addi- 
tional valuable information. s 


Mr. Ernest E. Thum, “The Iron Age’: I had the advantage of look- 
ing over Mr. Hobart’s shoulder as he was talking, and I saw he was 
referring mostly to Professor Moser’s curves representing the elastic 
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limit of the steel. He asks a good many questions; among others, 
are these tensile strengths at elevated temperatures characteristic of 
steels in general? I would say that they are characteristic of the ulti- 
mate strength of low carbon steels when tested fairly rapidly. He als: 
asks, would it be possible for metallurgists to make steel which ha: 
higher strengths at higher temperatures than 600 deg? I will answer 
that by saying “Yes”; you can have such metal if you want to pay the 
price. We have, for instance, tungsten and tungsten-cobalt alloy 
steel, ordinarily called high speed steels, which have a high hardness, 
and high strength at temperatures well above glowing red. But ob- 
viously, we can’t build structures of such expensive alloys as that 
Therefore the mechanical and chemical engineer who are most vitally 
interested with equipment to operate at a high temperature and high 
stresses, turn to lower alloys. They ask the same question whic! 
Mr. Hobart asked, “Are the curves which Professor Moser draws fo. 
elastic limit characteristic of metal in general?” I would say “No.” 
The elastic limit of a piece tested at a high temperature depends en- 
tirely upon the sensitivity of the instruments and also upon time 
With a relatively inaccurate strain gage, and pulling the piece apart 
in a few minutes, one could get an elastic limit at a given tempera 
ture, of, say, 25,000 lbs. per square inch (by that figure is meant th: 
point where the stress-strain curve deviates from a straight line) 
However, if you take the same metal and test it with equipment which 
might be accurate to 0.00001 in. or even a millionth of an inch, and 
test it very slowly, leaving a quiescent load on, not a matter of sec- 
onds, but days or even months, you will find that the stress-strain 
curve deviates not at 25,000 lbs., which we found before, but per 
haps 12,000. And we are not entirely sure but that if we would re- 
fine our instruments to the hundred millionth of an inch and test over 
a matter of years that we might find that the steel has no true elastic 
limit at all at a fairly moderate temperature. For that reason th: 
tendency in metallurgical research is to avoid the rapid testing ot 
metals at high temperature and use much more precise equipment 
Into the testing engineer’s terminology has come the word “creep,” 
by which is meant roughly slow but continuous and permanent exten 
sion of the metal under load at the temperature in question. Obvious 
ly, that definition involves time—that if we have a year for the 
test we would find a different figure for the creep limit than though 
we made our test in a month. The net result is that high temperatur: 
equipment is now ordinarily designed in recognition of the fact that 
there will be permanent growth in the equipment in service, and such 
equipment should be discarded when the permanent growth becomes 
a certain small fraction of the original material. (Eight per cent is 
the danger limit in the opinion of one of the leading fabricators.) l 
other words, since it is not economical (sometimes impossible) to in- 
stall a nitrogen converter or a high temperature boiler thick enoug! 
so it will not grow continuously by “creep,” the operators frankl) 
recognize this permanent and continuous growth in the material under 
load. It is very slow, true enough, but in the course of months or 
years this plastic overstrain will amount to 8 per cent of the original 
size, and at that time the equipment should be scrapped and replaced 
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The San Francisco Section has undoubtedly done a good piece of 
work in indicating that weld metal follows the characteristics of well- 
made boiler plate at elevated temperatures, at least as far as its 
ultimate strength is concerned. I would judge that their future course 
of action could well be mapped out, having in view the large amount 
of very precise work on limiting stress to produce creep, which has 
been going forward in this country and abroad for the last few years. 


Chairman Farmer: Those of you who are interested in this general 
subject of the properties of metals at high temperatures doubtless 
know, as has been suggested by Mr. Thum, that there is a large 
amount of research being done on that subject. There is a joint com- 
mittee of the American Society of Mechanical Engineers and Ameri- 
can Society for Testing Materials which is devoted solely to research 
work on this subject. Incidentally there has just been published by 
the A. S. M. E. a very complete bibliography on the subject of the 


properties of metals at high temperature and which was prepared by 
this joint committee. 


Mr. A. C. Jones: I would like to ask Professor Moser how long it 
took to pull these specimens after they reached temperatures, and 
also if these specimens had any heat treatment, uniform heat treat- 
ment, before they were tested. 


Professor Moser: A maximum of 20 minutes was consumed in 
making a tension test. About half of the time was required in taking 
observations up to and beyond what appeared to be the proportional 
limit, and the remainder of the time was consumed in removing the 
extensometer and breaking the specimen. Most of the tests required 
about 15 minutes each, which is the ordinary so-called short time test. 


Chairman Farmer: Gentlemen, I think it would be a particularly 
appropriate way to close this meeting if a suitable motion were offered, 
to the general effect that the Society, in convention assembled, ex- 
presses its particular appreciation of this activity on the part of the 
San Francisco Section, and specially the personal activity of Mr. 
Laird; and also, last but not least, the enthusiastic interest that Pro- 
fessor Moser has had in this work. I would be very glad to entertain 
such a motion. 


(The motion was made by Mr. Llewellyn and seconded by Mr. 8. W. 
Miller. Carried by a rising vote.) 


Chairman Farmer: Professor Moser, will you please accept for 
yourself and convey to your associates at home the sentiments which 
we just expressed? 


Professor Moser, have you anything further to add independent of 
the specified questions? 


Professor Moser: I have nothing to add. I would be very dull 
indeed, however, if I did not express my appreciation of the good time 
I have had at your meetings. I am particularly glad that you have in 
mind the San Francisco Section, and especially Mr. Laird, my imme- 
diate co-worker on the job. Mr. Laird and his associates engineered 
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the entire project and made up all of the specimens. The University 
furnished a machine and a man for making the tests. I have come 
here to make report and, judging from your remarks, I am to take the 
bacon home to the San Francisco Section. 


WEDNESDAY MORNING SESSION 
F. T. Thomas, Chairman, Philadelphia Section, Presiding. 


Discussion Paper on “The Job Welding Shop”* by J. S. Oechsle, 
President, Metalweld, Inc. 


Mr. R. D. Thomas, R. D. Thomas & Co.: Mr. Llewellyn and fellow 
members of the Welding Society: It is an honor for me to be asked 
to preside at this meeting. It is my first opportunity as spokesman 
for the Philadelphia Section to greet you here, to make you welcome 
to our city. 


We have, this morning, two long papers, interesting papers. I am 
not going to encroach at all upon their time, but proceed immediate- 
ly to the business at hand. 


About seven or eight years ago, I believe it was, I called upon the 
firm which is represented here by our first speaker, in a very small 
job welding shop on North Thirty-first Street. There are a great 
many small job welding shops throughout our city and every other 
city, and the most of them seem to remain small. This particular 
firm has grown by leaps and bounds and all has been done by a 
proper organization and a realization of what was required for a job 
welding business. 


I take pleasure in introducing Mr. J. S. Oechsle, President of the 
Metalweld. 

Mr. J. S. Oechsle, Metalweld, Inc.: (Reads his paper as printed in 
the Journal.) 


Chairman Thomas: Gentlemen, I think Mr. Oschsle and his asso 
ciates have done a real service to welding, to show that business effi 
ciency will run a successful welding shop. The meeting is now ope! 
for discussion. 

Mr. Owens, Newport News Shipbuilding & Dry Dock Company 
I have been very fortunate, so far, in being associated with organiza 
tions in which all of the various welding processes are used, viz 
the Navy and the Newport News Shipbuilding & Dry Dock Company 
The attitude always taken by me and expressed in the paper is that 
“the process most suitable for the job should be used.” In view o 
this, I thoroughly agree with the writer of the paper that probabl) 
more harm is done to the development of welding by the use of the 
wrong process than any other cause. The applications of the various 
processes, as listed in the paper, are in general correct, and I think 


Paper published in the September, 1928, issue of the Journal of the A.W.S 


1928] DISCUSSION TECHNICAL PAPERS 83 


there is a tremendous field ahead for properly organized job shops. 
This shop is to be congratulated on the work they have accomplished. 


Mr. Llewellyn: I am heartily in accord with Mr. Owens’ opinion of 
this very valuable paper. I had the pleasure, about a year ago, of 
spending an evening with Mr. Oechsle in which he gave a descrip- 
tion of the growth of the business that he has described now, in some 
respects, in more detail. The paper itself and Mr. Owens’ comments 
emphasize a feature that I think we all have in mind. I don’t believe 
that welding should be regarded as an industry. I rather would like 
to think of welding (and I include flame cutting) as a group term for 
a series of tools, each to be used in its proper place. Sometimes indi- 
viduals have to specialize on tools. Doubtless there will be members 
who are more expert, more acquainted, have done more research 
work, in this tool than they have in that tool. But from the general 
standpoint, the enterprise that we have heard described this morn- 
ing voices, in my judgment, the proper line of development for this 
Society, namely, the development of the use of each tool, whether 
it be thermit or resistance or either of the fusion processes, or flame 
cutting, each in its proper place. There may be a certain amount of 
overlapping, but if attention is concentrated on those zones that do 
not overlap, every one will make more money. 


Mr. F. E. Rogers, Air Reduction Sales Co.: I can add nothing to 
this paper on the job welding shop, but I just want to pay a tribute, 
or recognize the debt that welding in general in this country owes to 
the job welding shop. The job welding shops have been great pro- 
moters of the welding idea. They have pioneered, as it were, show- 
ing manufacturers the possibilities of welding. It has not always 
redounded to their profit, because when the manufacturer discovers 
how effective welding is—what the production possibilties are—he 
proceeds to put in a welding department of his own, and so control 
the welding and realize some of the profits. But, nevertheless, the 
welding shop has done a great deal for the promotion of welding. 


Chairman Thomas: | am repeating somebody else’s remarks when | 
say that welding came in the back door of the factory, came to the work- 
man first, he used it, and-the engineer, the executive, hardly knew it was 
in the shop until they went downstairs, and if it was arc, had their eyes 
burned. That is one way in which a new process starts. The other way 
is to have it developed in a scientific manner, and from their progress 
down to the practical end of it. Welding, however, took the back door 
course. For some years it was handicapped by lack of information— 
engineering data. It is beginning to get that very rapidly now; it has 
come on up through the engineering departments, the designing de- 
partments, and it has gotten up into the research laboratories. 


Discussion Paper on “Formula for Computing Design Stresses for 
Pressure Vessels” by Mr. S. W. Miller of the Union Carbide and Car- 
bon Research Laboratories.”’* 


Mr. S. W. Miller: It might be interesting, if not profitable, to indi- 
cate how this proposed formula came to be developed. In the early 


*Paper published in September, 1928, Journal of the A.W.S 
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part of the year a number of us interested in welding were discussing 
how we could put into a code (not the A. S. M. E. pressure vessel 
code), information that would give allowable working fiber stresses. 
We discussed the matter all day. We found that there was a large 
variety of welding methods, welding rods and methods of preparation. 
We had sketches galore on the table in front of us. But when we 
came to actually put those things into such shape that they could be 
put into a code, we were up against an exceedingly difficult proposi- 
tion. The outcome of the meeting was the final suggestion that if it 
were possible to combine the physical characteristics of a welded 
structure in a formula, that any two or more methods of welding, 
welding rods, methods of preparation, or combinations of them that 
gave the same results, would be allowed the same working fiber 
stress. Work was then started on the development of such a formula 


I might say that if you will take the number of welding wires on 
the market, the number of methods of preparation, the processes used 
and consider the various combinations that are possible, you will hav: 
about four hundred, each one of which might theoretically require a 
different working fiber stress. (Reads article from Journal.) 


Chairman Thomas: This is the kind of a paper that always brings 
out a lot of discussion. I am going to ask Mr. Llewellyn if he will 
open the discussion of this paper. 

Mr. Llewellyn: I am not a very good: one to open this discussion, 
for the reason that while the subject is of vital importance, it is one 
which I personally have not had much experience with. It is hardly 
necessary to point out that any formula for determining allowable 
working stresses in pressure vessels differs essentially from a formula 
that will determine allowable working stresses in other kinds of struc- 
ture. My personal experience happens to have been more in con- 
nection with framed structures, structural steel. The essential differ- 
ence between the two is this: In a framed structure there are three 
dimensions that can be varied. We can vary the length of the weld 
and we can vary the two dimensions covering its cross section; where- 
as in dealing with a pressure vessel, by the very nature of the prob- 
lem, one of those dimensions is not variable, namely, the length. 
Whatever the length of the vessel under consideration may be, th 
weld has got to be that length. That limits the problem and makes it 
necessary to consider it from the standpoint of cross section only 

As far as I know, the formula that has been presented this morn- 
ing is the first constructive attempt to determine consistent, even 
though empirical, working stresses. I believe the present allowable 
working stress in pressure vessels as permitted by the Boiler Code is 
only 5600 Ibs. per square inch, and even that stress can be applied on! 
to vessels subjected to low pressure, 100 lbs.—Is that correct? Wil! 
somebody please check me up? 

Mr. S. W. Miller: Yes. 20 in. in diameter. 

Mr. Llewellyn: Of course, that limits the field tremendously. W' 
know that vessels have been constructed and are in satisfactory us¢ 
subjected to much greater pressures than that, and of larger dimen 
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sions, but they do not conform to the very important rule of the 
Boiler Code Committee. 


The formula here submitted is a constructive attempt to present to 
the industry, through the Boiler Code Committee, a working basis that 
apparently is in line with what has been found to be safe practice. I 
am not qualified to talk pressure vessels, but I regard this formula as 
a tentative step forward, and I hope that in discussing the formula it 
will be discussed from this standpoint, “Have I got anything better 
to suggest?” 


Chairman Thomas: Thank you, Mr. Llewellyn, for giving us the 
keynote for a discussion, “Have I got anything better to suggest?” 
There are a good many men here who are very competent to express 
ideas on this subject. I would like to have them get up, much rather 
than have me call on them. 


Mr. F. H. Wells, Westinghouse Air Brake Co.: I am talking today 
for Mr. McCune of the Westinghouse Air Brake Co. We make, I sus- 
pect, as many medium-size pressure vessels as anybody in the coun- 
try. We are really very much interested in this subject because of 
its effect on our particular business, and I am very sorry to say that 
I can’t follow the keynote that was offered by Mr. Llewellyn exactly, 
because first I want to say just what the effects are going to be if 
that particular formula were applied to air brake reservoirs. We 
would have to stop building welded reservoirs at once, because, to 
allow any working pressure such as we now use, we would have to 
make the welded reservoir approximately twice as thick at least as 
the present riveted reservoirs, even though on all our tests the burst- 
ing strength of the welded reservoir has gone higher than a riveted 
reservoir. Of course, the bursting strength has been subject to very 
much criticism as a test for reservoirs, and that is a matter that will 
be determined, no doubt, by further tests. But as a comment on the 
formula itself, it seemed fair to us that if it is applicable to the 
welded joint, the formula should be equally as good applied to the 
solid plate, to a reservoir, for instance, that was made of material 
conforming in properties to the welded joint. In that case, a cast 
iron reservoir, as used on freight cars, would have to be approximate- 
ly 1 in. thick. For about sixty years we have been making cast iron 
reservoirs for that particular service that are % in. thick, and they 
have given very good satisfaction. I don’t know of any failures of 
those reservoirs of the sort that would be caused by the low ductility 
of the material. Our company has also offered a written discussion 
for this meeting and also a discussion at the St. Paul meeting, of the 
A. 8S. M. E., and I don’t wish to add anything further that will repeat 
what has been said there. All I wanted to do right now was to empha- 
size the immediate practical results if an attempt were made now to 
apply it to pressure vessels, especially those of the medium size rela- 
tively thin plates under 5/16-in. in thickness, which we use in such 
large numbers. 


J. C. MeCune, Assistant director of Engineering, Westinghouse Air 
Brake Company, Wilmerding, Pa., (Written Discussion.) 
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“The structure of the Kinzel formula is such that it appears to m: 
that more test data to support its validity as applied to Unfired Pres- 
sure Vessels, should be given than has yet come to my attention. Th: 
formula includes two terms: (1) the ductility of the weld, and (2) th 
ultimate strength of the sheet. It does not appear to me that ductilit, 
alone is a proper measure of the strength of the weld as incorporated 
in an unfired pressure vessel or reservoir. It is conceivable that the 
weld could be made of material having a high ductility and an ex- 
tremely low ultimate strength. Would not such a reservoir fail in 
the welded joint, although the Kinzel formula would permit a high 
working pressure, assuming that the sheet employed had the necessary 
ultimate strength? To put it another way, it would seem that the 
formula for the welded joint should include other factors, depending 
upon the weld itself, in addition to or instead of the weld ductility 


Further comment on the structure of the formula itself is that no 
rigid demonstration is given as to why the variables were combined 
as a product. It seems entirely possible that a much more compli- 
cated relationship might exist between them. 


“We found difficulty in applying the bending test to thin sheets such 
as 3/16 in. and %4 in. With such sheets we found that the bending of 
the weld was not uniformly distributed, but ordinarily was concen- 
trated near its junction with the sheet. Bending might be well de- 
fined over a small arc, but the base line was so far removed from the 
point of well-defined local bending that the percentage ductility as de- 
termined by the bending test was very low. Such a condition might 
not arise with thicker sheets, but to date we have found it uniformly) 
in our experience with thin sheets. 


“Mr. Kinzel, in any explanation I have seen, does not say what 
space to consider in establishing the percentage ductility; that is, h: 
fails to give a basic distance over which the elongation is to be meas 
ured. Naturally we find that the percentage ductility by the Kinze! 
method changes with a change in the basic distance. 


“During our check of the Kinzel formula we had what appeared to 
us to be erratic results. In order to check this situation more closely, 
a machine are welded longitudinal seam was cut into 16 test coupons. 
The first five of these coupons had the reinforcement ground off as 
Mr. Kinzel calls for, and the remaining five had the top surface of 
both plate and weld machined down 1/32 in. The percentage ductility 
of the Kinzel method was then as follows: 
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“Tt will be observed that the percentage ductility varied over a wide 
range in the above test. Obviously, it would be difficult to assign 
any working pressure to such a reservoir with such a variation in 
the percentage ductility, which is a main factor in establishing the 
working pressure by the Kinzel formula. It might be held that the 
weld varied in the manner indicated, but hundreds of tests, both with 
actual reservoirs and with test pieces, have demonstrated that these 
machine arc welded sheets have a remarkable uniformity. That is to 
say, by all conventional methods of testing we arrived at a very satis- 
factory uniformity of results, but with the Kinzel formula we arrived 
at a great lack of uniformity. These tests with the Kinzel formula 
should be checked extensively to determine if its application will give 
substantially uniform results. 


“The remaining six coupons were tested for reduction of area di- 
rectly. The coupons were machined to make specimens generally 
similar to specimens used for tension tests, but with the section at 
the weld less than in the plate, so as to contribute to failure at the 
weld. The fracture developed sufficient reduction in area that it 
could be determined by the use of a micrometer. The reduction in 
area for these six specimens was as follows: 


a ee SP eer oS eee 10.9% 
Bikes < cehueeeeseans 11 
a a Foe 7.4 
ae ee 9.2 
Dns ta das ieee ns 6&4 a 18.5 
De. one ken dee bear aiese 13.4 


“It will be noted that the reduction of area percentage in itself is 
not thoroughly consistent. Some of this range was undoubtedly due 
to the difficulty of making such a test since the test specimens had to 
be so machined as to cause failure to occur in the weld. All speci- 
mens were therefore not machined precisely in the same manner, 80 
that this test is not as conclusive as it would be if it could be more 
accurately conducted. 


“In an effort to determine the percentage elongation of the welded 
metal by conventional methods, we cut a machine arc welded longi- 
tudinal seam from a reservoir and from the welded seam itself formed 
a test specimen similar to that ordinarily used for tensile strength 
tests, and with a 2-in. base line for determination of elongation, four 
such specimens were made from one seam. 


“It will be obvious that with such a small! section great homogenity 
of the weld is necessary to give high percentage elongation. The 
tabulation submitted is somewhat tentative since our tests were made 
somewhat hurriedly. Further tests will be made along these same 








88 JOURNAL OF THE A. W. S&S. [ December 


lines to establish more positively the percentage of elongation as de- 
termined by conventional methods. 


) OO PARR Re ee ee eae em 3.1% 
ER nee ca PF 4.0 
Ee Pe er ee 4.0 
BD, SHEEN So chin caw ewes 4.6 


“I am not entirely clear as to the method proposed for practical 
application of Mr. Kinzel’s formula, and from a manufacturing stand- 
point it appears to me to be open to the same objections Mr. Arrott has 
made from an administrative standpoint. 


“The novel element of the formula is that it permits a higher work 
ing pressure in accordance with increasing ductility of the weld. As 
I stated previously, it seems to me that the ductility of the weld is not 
the most important and certainly not the only factor to be considered. 
From our experience I cannot agree that the importance given duc- 
tility is supported by actual results. We and our subsidiary com- 
panies have made millions of reservoirs which are in use throughout 
the world wherever vehicles of any description are operated on rails, 
and have supplied such reservoirs for well onto 60 years. Many of 
these reservoirs are made from non-ductile material, that is, cast iron. 
The factor of safety ordinarily found by test of these reservoirs is 
between four and five. If ductility is so important in unfired pres 
sure vessels, it seems to me that our experience with cast iron reser- 
voirs should have disclosed it. These non-ductile reservoirs are in- 
stalled on vehicles operating upon rails subject to vibration not only 
on this account, but also because of the shocks set up in trains for 
various reasons. In all our experience we have had nothing to indi- 
cate that any danger is incurred in making such reservoirs from non- 
ductile metal. These reservoirs, of course, are cast complete and in 
clude no welded joint. 


“We were desirous of checking the Kinzel formula against actual) 
reservoirs. We have always rated a reservoir upon its bursting pres- 
sure, and all our experience with reservoirs has indicated nothing 
which would lead us to question the reliance upon the use of the 
bursting value as a criterion of the safety of the reservoir. In other 
words, throughout our experience we have found that the testing of a 
reservoir to destruction is a true indication of its margin for satisfac- 
tory service operation. 


“We prepared five 2042-in. x 48-in. reservoirs for a bursting test. 
In fabricating the reservoirs a 2-in. sheet was cut from each shell after 
the longitudinal seam had been machine arc welded. From this 2-in. 
hoop a coupon was cut from which the ductility was determined by 
the Kinzel formula. The tabulation below gives the results of the 
bursting test of these reservoirs. 
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Ductility Kinzel Actual 

Reservoir Per Cent Working Pressure Bursting Remarks 
1 1.3 64 lbs. 1,070 Shell failure 
2 4.7 98 lbs. 1,100 Shell failure 
3 3.1 84 lbs. 1,100 Shell failure 
4 1.0 58 Ibs. 1,060 Shell failure 
5 9.4 125 lbs. 1,180 Shell failure 


“Although the bursting pressure cited varied somewhat, the exact 
value of the bursting pressure was not clearly established. The pres- 
sure was built up hydrostatically and in 200-lb. increments, each in- 

crement being held three minutes before the next increase. The 

* hydrostatic pressure came from a line used for other purposes and 
was subjected to minor variations. The gage hand, therefore, trem- 
bled decidedly, with the result that the bursting pressure given above 
may vary from the true bursting pressure as much as 50 lbs. 


“Subsequent to the above test we prepared three additional reser- 
voirs and tested them in the same manner except that a 4-lb. sledge : 
hammer was used on the seam for three minutes between 100-lb. in- ' 
crements in pressure. The hammering was intentionally severe and 
was just short of causing actual distortion of the weld or sheet. 


“A fourth reservoir similar to the three above, was also prepared, i 
but instead of the seam being sledged, it was vibrated with a riveting | 
hammer with 500 lbs. pressure in the reservoir, for five minutes at a 

time, and this hammering was repeated 100 successive times. The re- 
sults secured with these four reservoirs are indicated in the tabula- 
tion immediately below, the reservoir marked No. 4 being the one sub- 
jected to the riveting hammer set-up. 
Kinzel Actual i 
Reservoir Ductility Working Pressure Bursting Remarks 
1 4.0 91 Ibs. 1,000 ! 
2 12.0 132 lbs. 1,100 4 
= 3 4.0 91 Ibs. 900 Shell failure 
4 10.0 127 lbs. 1,100 Shell failure 
“To check the element of fatigue on machine are welded longi- 
a tudinal seams, we made up a reservoir 10 in. in diameter by 12 in. 
long and subjected it to 502,230 cycles at the rate of 12 per minute ; 
between 30 and 140 lbs. air pressure, after which it was tested to de- f 
struction and the bursting pressure compared with a similar reservoir 
which had not been given such a breathing test. Each of the two 4 
reservoirs burst at approximately 1500 lbs. / 


Shell failure 
Shell failure 


. “We now have a 30}4-in. x 60-in. reservoir on a breathing test in 
which the water pressure varies from 0 to 140 lbs. six times a minute. 
This reservoir was constructed with three machine are welded longi- 
tudinal seams. A test coupon was cut from this reservoir during 
fabrication, and the plate itself was tested for tensile strength. From 
this combination and by using the Kinzel formula, the working pres- it 
sure of the reservoir was established at 45 lb. Based upon the actual 
strength of the plate used in this reservoir, the bursting pressure we 
expect to be about 440 lb. When 52,463 cycles of operation had been 
applied, the reservoir indicated no signs of distress whatever. We 
plan to continue the test to destruction, assuming that the reservoir 
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will eventually fail from fatigue. If this does not occur before about 
a million cycles, we will burst the reservoir and compare the bursting 
pressure with the figure just cited. It is evident that in using the 
breathing test with pressure changing from 0 to 140 lb. at the rate 
of 6 a minute, the reservoir is being given an extremely severe test 


“We have in service 3211 reservoirs, the longitudinal seams of which 
are machine arc welded. We have had no complaint or criticisms ot 
any kind whatever from any of these reservoirs. 


“Such tests as are outlined above, combined with our service experi 
ence with reservoirs, indicate to me that the use of the Kinzel formula 
in its present form would, without adequate reason, unduly restrict 
the working pressure to which reservoirs of the machine arc-welded 
type can be subjected. 


“I would recommend that the various individuals and companies 
interested conduct similar tests to those outlined above, with any 
others that appear advisable, and if these tests taken as a whol 
indicate that the Kinzel formula can be reduced to a practicable 
formula of value, that it then be referred to the Committee under 
taking tests at the Bureau of Standards for reduction to a definite 
form suitable for inclusion in the Unfired Pressure Vessel Code. 

“Incidentally, it seems to me that the Boiler Code Committee itself 
might consider breaking up the Unfired Pressure Vessel Code into 
sections to cover vessels of generally similar construction and pur 
pose. In other words, the variety of uses and many different appli 
cations now covered by the Unfired Pressure Vessel Code make it ver) 
difficult to formulate general rules which cover all vessels. If the 
Code applied more particularly to a certain class, it seems to me that 
it would be much less difficult to formulate a code acceptable to al! 
interests concerned. 

“I regret that another engagement will prevent my attendance at 
the Committee meeting, but I will be represented by our Research 
Engineer, Mr. F. H. Wells.” 


Mr. Owens: I thoroughly agree with Mr. Llewelyn that this formula 
is the first scientific attempt of the Boiler Code Committee to obtain 
a rational design for welded pressure vessels, and I have already 
voted for it in the Conference Committee on Welding with the 
A. S. M. E. Boiler Code Committee. My support, however, is based 
on the understanding that the formula as presented will only be tenta 
tive, being subject to change as we gather more information. 


The point raised by the last speaker on the necessity of increasing 
the wall thicknesses of welded pressure vessels if designed on the 
basis of the formula, and that the formula does not fit in with the 
present practice on cast vessels, would seem to indicate that the 
formula is too restrictive. In view of this, I would recommend that 
some changes in its elements be made to make it more nearly fit in 
with present practice. 

My experience has indicated the desirability of weld metal of 
greater ductility to take care of cooling stresses in joints of great 
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fixity as such stresses frequently cause the weld to crack during weld- 
ing. The thicker the section welded and the higher the ultimate ten- 
sile strengths and elastic limits of the material, the greater is the 
fixity of the joint, this being particularly true for butt joints. 


When a weld is made in a series of layers, ductile weld metal can 
be obtained, and cracking during welding can be prevented by the 
peening of each layer. On the other hand, with ductile weld metal! 
which can be obtained without layer deposition, the amount of peening 
required would probably be less, as its principal use would be to 
prevent deformation. The fact should not be overlooked, however, 
that very satisfactory welded joints in thick materials are being made 
today with weld metal having.an elongation of only 6 per cent (this 
elongation being obtained by a deposit made in one or two layers) 
each layer being peened and the weld reinforced. | desire, therefore, 
to go on record as warning against the possibility of this formula 
unduly restricting a technique of welding which is now giving satis- 
factory results and in which further improvements are possible. I 
anticipate having more to say along this line in the future. Again, 
I do not agree with Mr. Miller’s statement that reinforcement should 
not be considered, for if a reinforced weld answers all practical re- 
quirements and can be made at a lower cost than one unreinforced or 
having a slight reinforcement, then we are unduly restricting the 
commercial development of welding. Some reinforcement is desirable, 
in any case, to take care of slight imperfections in the weld and to 
insure a weld section which has a greater strength than that of the 
base metal. As Mr. Miller pointed out, the elastic limit of the weld 
metal is always higher than that of the base metal. This being the 
case, the base metal would deform before the weld metal and act as 
a safety valve in case of shock. Mr. Miller has, therefore, himself 
presented an argument for the satisfactory utilization of weld metal 
of low ductility. However, as I have pointed out, the weld should be 
reinforced so that its strength is greater than that of the base metal, 
in other words,,its unit working stress should be less than that of 
the base metal. 


Mr. P. W. Swain, McGraw Hill Publishing Co.: I am very much 
interested in this formula. I have certain questions about it, more or 
less mathematical in nature. On page 25 a paragraph reads: “The 
part of the formula covering the factor of elongation decreases the 
allowable working fiber stress more rapidly than the elongation de- 
creases, and, on the other hand, increases the fiber stress more slowly 
than the elongation.” I think that is an error. Whether you increase 
or decrease E, the cube root will change more slowly. For example, 
if you decrease E in this formula by 9 per cent, the value of S will 
be decreased about 3 per cent; or, if you increase E about 9 per cent, 
the value of 8 will increase about 3 per cent. 


I notice that formulas of this general type were tested for square 
root, cube root and fourth root, and of the three the cube root was 
chosen as the most reasonable. Now, it seems to me quite possible 
that the best value of the root might hit somewhere in between two 
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and three, or somewhere in between three and four. I can see a very 
good reason for taking a whole number if people are expected to use 
this formula in practice. If, on the other hand, the results of the 
formula are to be expressed in tabular form and used in that way, 
some intermediate root might be better. 


I was wondering if the author of the paper had tested other roots 
than the square root, cube root and fourth root to see if there was 
some better point in between. 


Another point comes to mind. This formula being purely empirical, 
I wonder whether enough practical applications have been checked 
to make sure that the formula will not give foolish or impractical 
results in some cases. 


I think that Mr. Miller’s proposal is extremely interesting, and hope 
very much that it develops into something that is commercially usable. 


Mr. A. B. Kinzel, Union Carbide & Carbon Res. Labs.: Regarding 
Mr. Swain’s remarks about the way cube root acts in the formula, the 
reason that the statement as made here is correct—it is not due to 
the way the cube root acts, but due to the way the denominator, 10, 
in that factor, acts. It will be noted that the factor in its entirety is 
the cube root of E over 10. The figure 10, there, is a reciprocal func- 
tion, you see, and that is what makes it go faster one way than the 
other. It is not the cube root that does it. For example, 40 per cent 
elongation divided by 10 would be 4, whereas one-fourth of the fiber 
elongation, 242, divided by 10, is a quarter, and there you have your 
reciprocal relation. I think if you look into that a little bit you will 
see it works in that way. 


; 3] E 
Mr. Swain: Take the expression @/ — and reduce it to the product of 
10 
3 1 
-, Which is constant, by W E. 
10 


If you have the product of two numbers, and make a certain per cent 
change in one of the numbers you have the same per cent change in 
the product, so I cannot see how the constant factor can have any 
effect on the per cent change in the product due to a certain per cent 
change in E. 

While I am sticking to my point, I also want to make it clear that 
the point I brought up is of very little practical significance because 
it does not affect Mr. Miller’s conclusions. 





Mr. Kinzel: I don’t think we should take the time of the meeting 
to go into that further, in view of your later remarks made, but I will 
be glad to go over that with you at a later time. 


Regarding the application to reservoirs, Mr. McCune of the West- 
inghouse Company submitted substantially the same remarks when 
my paper covering the same general subject was presented at St. 
Paul. What it amounts to is that ductility is unimportant. Now, 
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perhaps, for certain specific applications it is, but in general engi- 
neering applications, I don’t think we can grant that statement. 


Mr. C. W. Bates, Philadelphia Electric Co.: I want to return to the 
discussion which Mr. Swain started on the formula. I thought that 
he was going to open up a matter that occurred to me when I first saw 
this formula some time ago. Why put two numerical constant factors 
in a single formula? It is entirely superfluous to do so. Why not 
extract the cube root of 10 (which is approximately 2.15) and multiply 

TWE 


this root by 7.15, thus making the formula S = The numerical 





15.4 


results given by it are exactly the same. Retaining the 10 inside the 
radical has no effect whatever on the results given by the formula. 


Chairman Thomas: Can we hear from Mr. Fyke? 


Mr. Fyke: I did not intend discussing this paper at this time, but 
since you have called on me I would like to read a few comments 
which I have prepared. Before reading them, I want to say that we 
are not interested in any particular process, whether gas, electric, or 
what not. I also want to congratulate Mr. Miller and his associates 
for the work they have done. 


With reference to the formula which has been proposed for de- 
termining the maximum allowable working fiber stress in welded 
joints, as sent out by the Boiler Code Committee, wish to comment 
as follows: 


The formula in its present form takes the ultimate strength as de- 
termined from pulling a test specimen and placing that over the con- 
stant 7.15 and multiplies that by the cube root of the elongation, as 
determined by bend tests on another specimen, divided by ten. 


It is appreciated that there are welds made which have different 
physical properties. This variation, when in the same process, can be 
attributed largely to the sincerity and ability of the welder. The 
quality of the materials used, of course, must be taken into considera- 
tion if a good weld is to be obtained. Then, again, you might have 
different quality of welds due to their being made by different proc- 
esses. One weld may have better ductility than another, due to a 
difference in the processes employed. Ductility probably will vary 
more than any other physical property as a result of the different 
processes, even though the same quality of material is used. The sound- 
ness of welds, irrespective of their ductility, is in a way similarly 
effected, but the care and ability of the welder is largely responsible 
for the degree of soundness. 


It would seem that where these different values exist, due to the 
different major processes by which they are made, the engineering 
profession should acknowledge this difference the same as is done 
where different values exist in steel plates, rivets, etc., due to either 
their chemical compositions or method of manufacture. Fire box and 
flange steel is purchased to a specific specification as to chemical and 
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physical properties, and for these a maximum allowable working fiber 
stress has been established, based upon the minimum tensile strength 
of the specification. In the testing of plate steel, or similar materials 
ordered to specifications, the physical properties may vary largely, but 
are accepted if within the ranges permitted. Where the elongation 
or ultimate strength is higher than the minimum called for, it is not 
the practice to allow different working fiber stresses for each value 
The working fiber stress is based upon the minimum requirements of 
the specification and does not provide a sliding scale for any range 
of physical properties that might be obtained. 


In riveted construction the specific physical properties of the rivets 
and plates are taken into consideration in the design. In designing 
a riveted joint, using a known quality of steel plate, the allowable 
working fiber stress and number of rivets are the deciding factors ir 
the efficiency of the joint obtained. In testing a riveted joint, that 
which you are mostly interested in, is the strength of the rivets and 
their action, as the value of the plate has already been determined. 


In welded construction you are substituting welds for rivets that 
have known physical properties, and it would seem that in making 
such a substitution that which we are most interested in is the 
strength of the material being substituted, namely, the weld; for, as 
in the design of riveted construction, the value of the plate is known 
and that which must be taken into consideration in the design is 
the weld. You say that you can make a welded joint stronger than 
the plate, and prove it by pulling specimens on the plate where the 
failure occurs outside the weld. This is natural, due to the weld not 
having the same ductility as the plate, which results in the initial 
elongation taking place outside the weld, which is followed by failure 
due to reduction of area in the cross section. In so testing a weld 
you are pulling a specimen in which there are two different materials, 
the rolled plate and the weld, which has properties similar to cast 
steel. In a riveted joint your materials are uniformly the same 
throughout the plates and the rivets. 


The purpose of the formula seems to be to allow different working 
fiber stresses for welds, irrespective of the process used, based upon 
the elongation as determined in one specimen and the ultimate strength 
as determined in a second specimen. The ultimate strength taken may 
be either that of the plate or the weld, depending upon where the 
failure occurs. Tests conducted with a view of determining the work- 
ability of this formula show that the elongation as determined by the 
bend test does not give consistent results for use in arriving at the 
maximum allowable working fiber stress. In determining the elonga- 
tion by the bend test, high elongation may be obtained, which would 
indicate a very good weld. This, however, is not necessarily the case. 
In making the bend, the upper half of the specimen is in tension; the 
tension strains upon approaching the neutral axis approach zero and 
that section below the neutral axis is in compression. It is possible 
to have the bottom portion of the weld porous and unsound and yet 
obtain a greater elongation, indicating a better weld than were that 
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portion of the weld perfect. The method of making the bend test 
as prescribed is not as simple as might be assumed, as bending speci- 
mens of half inch and above in thickness of the dimensions suggested 
cannot be conveniently done in a vise. 


The regular accepted bend test when applied to different materials 
will give different results, depending upon the manner in which the 
test is made and the equipment used. Due to this rather lack of a 
standard for making bend tests and the various results that may be 
obtained, the bend test has been eliminated by a number of the 
technical societies as being a true indication of ductility, and other 
tests substituted. This being the case, it would seem that results that 
are considered representative of the quality of the weld, as determined 
by bend test, might also be misleading. 


Elongation of the welds as determined by the bend test give an 
elongation practically 100 per cent greater than that determined by 
taking the elongation across the weld in a standard 8-in. test speci- 
men. Pulling tests were also made on welds which had the section 
reduced in the vicinity of the weld in order to cause the failure to 
occur through the weld. The elongation so determined was the same 
as that taken across the weld in the standard 8-in. test specimen. 
We must admit that the elongation of any homogeneous material, as 
determined from pulling a standard 8-in. test specimen, represents the 
elongation of that particular material. If this method of determining 
the elongation is correct, it is hard to believe that the elongation as 
determined by the bend test, in which half the specimen is in tension 
at various degrees, the other half in compression, will give you a true 
value of elongation. 


As already mentioned, the elongation of the weld as determined by 
the bend test is approximately 100 per cent more than that obtained 
on a standard 8-in. test specimen. Taking the elongation of solid 
plate as determined by this same bend test and compare it with the 
elongation in 1 in. across the rupture of a standard 8-in. test specimen, 
the difference in values is reversed. If the elongation so determined 
on an 8-in. test specimen is accepted as true elongation, then the 
results as determined by the bend test are not comparable. 


In engineering practices to date the values used in formulas where 
different physical properties are considered, such as ultimate strength, 
elongation, etc., these are all determined from the same test specimen 
and not taken from different specimens, as in the suggested formula, 
where the elongation is determined in one specimen and the ultimate 
strength in another. With this formula it is possible to obtain a high 
allowable working stress from welds which when broken open show 
that they should not be given the rating calculated. As mentioned 
above, it is possible to obtain high elongation through the bend test 
from poor welds. This, with the ultimate strength that may be de- 
termined through the plate or weld, will given a much higher rating 
than the weld should have, and even higher than would have been 
obtained had the weld in the bend specimen been sound. 


Confusion is likely to result in the use of this formula when de- 
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signing equipment, for, at the time the design is worked up in the 
drafting room, it is not definitely known where the material will be 
fabricated. If a certain allowable working fiber stress is considered 
in the design, and after the work has been let to the fabricating shop 
it is found, through change in the personnel, that the particular con- 
cern cannot make a weld having the working fiber stress upon which 
the design is based, it would be necessary to change the design or re- 
order the material. 

Inasmuch as we are trying to substitute a more or less unknown fo! 
a known, it would seem that in doing so the more information possible 
as to the value of that which we are proposing is vitally important. 
As mentioned above, in the testing of welds the majority of the frac 
tures occur outside the weld, which indicates the weld has an ultimate 
strength at least equal to that of the plate. This does not necessarily 
mean, however, that the weld is perfectly sound and will respond to 
such physical actions as breathing and shock. It would seem that we 
are mostly interested in the quality of the weld and the metal adjacent 
to it, and in order to determine this our tests should be made so that 
the fracture occurs through the weld, or at the junction, revealing to 
the manufacturer, operator and consumer just what is being done 
This could be done, as was done in the test mentioned above, by re- 
ducing the test specimen in the vicinity of the weld so as to force 
failure through the weld or junction. This would give the ultimate 
strength of the weld, and at the same time the elongation over the 
weld and metal adjacent to it could be determined. This would give 
you a true elongation, and, at the same time, reveal the soundness of 
the weld, and only half the number of test specimens would be neces- 
sary. With this information it would be a simple matter for the 
engineer to proceed with the design. 

There is no doubt but what welding has a great field before it, 
not only in structural and non-pressure work, but pressure work as 
well. In advancing the art, however, it is necessary that every pre 
caution be taken to prevent anything occurring that would tend to 
retard its advancement more than all the good work that has been 
done in the past. It is true that some of the theories advanced are 
practical in the laboratory and when carried out in some fabricating 
shops, but, considering the industry as a whole, many of them are 
found to be impractical. It would seem that the logical means of re 
moving any skepticism in the mind of the engineer, would be to show 
him the actual value of the welds themselves by breaking the welds, 
and, have a standard strength for welds made by the major processes, 
these to be changed in keeping with the advancement and improvement 
of the different processes, rather than encouraging the idea of having 
different qualities of welds as made by any one particular process. 
This would then be comparable with riveted construction, for where 
greater strength is required a larger weld could be used, the same as 
increasing the number of rivets where rivets are used, rather than 
saying that on this type of construction we will require a good weld, 
and on that a poor weld will answer the purpose. 


On the comment that was made by Mr. Miller regarding the number 
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of different processes in combination that might be used, I agree with 
Mr. Miller in that respect, and believe probably there are more than 
four hundred. This is due to these supposedly secret ideas or methods 
that are advanced by the manufacturers in a large number of cases. 
If you take all the processes and boil them down, the combinations of 
wires, colors and trade names, you will find, has very little to do with 
the quality of weld you obtain, and the 400 or more combinations men- 
tioned probably could be reduced down to a dozen or less. It looks 
to me as though what we need is a standardization of materials and 
processes to put the art of welding in a light so the consumer will 
have first hand information and will not be under any misapprehension 
as to just what takes place. (Applause.) 


Prof. H. L. Whittemore, Bureau of Standards: I think that this 
formula is an extremely interesting development. Welding is a new 
process of fabricating metals, and it is very fitting that new methods 
of determining the allowable working stresses should be considered 


and perhaps eventually be used in other fields where they haven’t 
been thought of. 


I don’t know that I can add anything to the discussion that has just 
been given you. A formula may be applied to a lot of things that 
perhaps it shouldn’t be applied to; perhaps its use will have to be 
restricted. For instance, in this formula W applies to steel struc- 
tures. You wouldn’t want offhand to use it in determining the stress 
for a tank made of phosphor bronze or sheet lead. It might or might 
not be applicable. That is one of the dangers that will have to be 
considered. Of course, that can be taken care of in a case like this 
by limiting its use to a particular material. 


The question of having two factors, say the ultimate strength and 
the elongation, and basing your working stress on them, raises the 
question of whether there may not be other factors. Consider, for 
instance, a welded tank: I don’t know all the factors which may cause 
failure; let us consider some of them. 


The elastic limit may be exceeded or there may be sufficient de- 
formation to rupture the shell. For instance, if you roll the tank off 
of a freight car and it hasn’t been designed to withstand that abuse 
’ you might find the tank was cracked. I don’t believe that would occur 
very often in practice. Then, other factors which come to mind are 
impact and fatigue. I should think impact would be rather a negli- 
gible factor in pressure vessels. There might also be corrosion. Take 
the fatigue factor. Prof. H. F. Moore has called attention to the im- 
portance of this factor in welded tanks. He feels that we don’t know 
enough about the endurance limit of welded joints to be able to use 
this information intelligently in designing welded pressure vessels. 
The question then comes up in computing “W” as to how many of these 
factors you want to consider. To obtain data on fatigue, we went 
through a lot of records showing the fluctuations in pressure in air 
tanks in power houses and other places, and found the pressure didn’t 
go down to zero except perhaps once or twice a day, and most of the 
fluctuations were variations of only a few pounds. 
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Most of the data which we have on fatigue of metals are for stresses 
alternating from a given value in tension to the same value in com- 
pression. Tanks in service are seldom subjected to this condition. 
If we determine the endurance limit, that is, the stress which can 
be applied an infinite number of times without failure for stresses 
which alternate from zero to a given value in tension and back to 
zero, we find that this limit is higher than for tensile and compressive 
stresses. 


If we apply stresses which alternate from a given tensile value, sa) 
15,000 to 20,000 lb. per sq. in. and back to 15,000, we will find that 
the endurance limit is higher than for either of the two previous cases. 


It has been estimated that the stress in many pressure vessels is 
not applied more than 1,000,000 times in the life of the tank. But it 
has been found experimentally that for ferrous metals the stress 
which will cause failure at 1,000,000 repetitions is higher than the 
endurance limit. It seems probable, therefore, that working stresses 
somewhat above the usual “endurance limit” for specimens cut from 
the welds will be safe. 


The formula does emphasize, however, that the welds are variable; 
that may be a good thing and may be a poor thing. There isn’t any 
other material—steel or anything else—about which the manufacturer 
says, “Well, here it is; measure it up and find how you are going to 
use it.” I suppose the answer to that for welded tanks is that in a 
given shop tests are made and then the designs got out. Thos 
designs will always be satisfactory if the procedure control for the 
welding is satisfactory. Even Mr. Llewellyn, however, doesn’t get his 
steel, test it and compute the “W” value and then make the design 
afterward. 

Mr. Owens: What we need is an impartial evaluation by our So- 
ciety of the physical characteristics of welds made by the various 
welding processes, thus making it possible to assign a design value 
for welds made by each process. As this is very likely impractical at 
the present time due to the conflicting claims of manufacturers, it is 
probable that the use of a formula as suggested by Mr. Miller would 
make it possible to gradually collect this information. If adopted, I 
would strongly recommend the preparation by the American Welding 
Society of an approved form of data sheet for recording the tests on 
which the manufacturers of pressure vessels would base their design 
values. I have some practical objections to the use of this formula, 
nevertheless I have decided to support it for the reasons given and 
with the understanding that it is only tentative. 


Mr. Frank McKibben, Consulting Engineer: I think Mr. Miller and 
his colleagues are to be complimented on something new and some- 
thing useful, and I believe it has possibilities. 


The factor of safety covers a great many more things than Mr. 
Miller has suggested. In structural work, particularly bridge work, 
the factor of safety besides being a relation between the breaking 
strength, or the elastic limit, and the working stress per square inch, 
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provides for deterioration or corrosion of the material; it provides for 
increase in loads resulting from increased weight of rolling stock in 
railroads, and in the weight of trucks on highways. Very few bridges 
have failed from lack of strength. Thousands of them have been re- 
placed because of inadequacy. Mr. Miller’s paper is entitled “For- 
mula for Computing Design Stresses for Pressure Vessels.” Rather, 
it is a very good step forward in stating a relation between strength 
and ductility, which is quite a different thing from computing design 
stresses. After all, experience fixes to a very great extent the allow- 
able design stress. 


Someone has suggested that the reinforcement in these bend tests 
ought to be left on the specimens. I can’t agree with that. I think 
if a standard of this sort is adopted the reinforcements should be 
ground off the specimen before making tests, because it is a compari- 
son of products that we are studying, and in order to compare those 
products, we must have the test specimens alike, so the reinforcement 
should be ground off before making free bend tests, as Mr. Miller sug- 
gests. 


I think Mr. Miller’s formula is a step in the right direction. I do 
not believe that the industry is ready to adopt it for all kinds of struc- 
tures. 


Chairman Thomas: Mr. Candy, can you contribute anything to 
this discussion? 


Mr. A. M. Candy, Westinghouse Electric Mfg. Co.: Mr. Chairman, 
after hearing all this very excellent discussion, | don’t feel there is 
very much I could add to it. It is something that is a very serious 
problem among the tank manufacturers and I think al! representatives 
of companies making tanks here should be given an opportunity to 
speak, rather than some of us who may be classified as peddlers. 


Mr. T. R. Lawson, Rensselaer Polytechnic Institute: There is just 
one point I would like to comment on. In all of the discussion this 
morning we have heard nothing said with reference to the modulus of 
élasticity of these materials. Some mention was made of the fact 
that the welded material had a higher yield point or elastic limit 
than the parent metal. Likewise, that the ductility might be reduced 
to something like 6 per cent from 25 per cent or 30 per cent. And 
that the ductility was the measure that was to be adopted in this case. 
But isn’t it a fact, in fact, it is a fact, that the ductility is not going 
to come into effect until after your stresses have gone beyond the 
elastic limit of the material? If your parent metal and your weld 
have the same cross section and they have the same elasticity, then 
the deformation up to the yield point is exactly the same. Now the 
stresses that you are using in these tanks are well within the range 
of the elastic limit. Therefore, does it not seem that while ductility 
may be an index of the increase in the elastic limit, or possibly in the 
tensile resistance of the material, yet is it not a fact that the modulus 
of elasticity should be given some consideration because that is what 
you need within the working stresses? As far as I know, very little 
work has been done on the determination of the modulus of elasticity of 
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Most of the data which we have on fatigue of metals are for stresses 
alternating from a given value in tension to the same value in com- 
pression. Tanks in service are seldom subjected to this condition. 
If we determine the endurance limit, that is, the stress which can 
be applied an infinite number of times without failure for stresses 
which alternate from zero to a given value in tension and back to 
zero, we find that this limit is higher than for tensile and compressive 
stresses. 


If we apply stresses which alternate from a given tensile value, say 
15,000 to 20,000 lb. per sq. in. and back to 15,000, we will find that 
the endurance limit is higher than for either of the two previous cases. 


It has been estimated that the stress in many pressure vessels is 
not applied more than 1,000,000 times in the life of the tank. But it 
has been found experimentally that for ferrous metals the stress 
which will cause failure at 1,000,000 repetitions is higher than the 
endurance limit. It seems probable, therefore, that working stresses 
somewhat above the usual “endurance limit” for specimens cut from 
the welds will be safe. 


The formula does emphasize, however, that the welds are variable; 
that may be a good thing and may be a poor thing. There isn’t any 
other material—steel or anything else—about which the manufacturer 
says, “Well, here it is; measure it up and find how you are going to 
use it.” I suppose the answer to that for welded tanks is that in a 
given shop tests are made and then the designs got out. Those 
designs will always be satisfactory if the procedure control for th: 
welding is satisfactory. Even Mr. Llewellyn, however, doesn’t get his 
steel, test it and compute the “W” value and then make the design 
afterward. 

Mr. Owens: What we need is an impartial evaluation by our So- 
ciety of the physical characteristics of welds made by the various 
welding processes, thus making it possible to assign a design value 
for welds made by each process. As this is very likely impractical at 
the present time due to the conflicting claims of manufacturers, it is 
probable that the use of a formula as suggested by Mr. Miller would 
make it possible to gradually collect this information. If adopted, I 
would strongly recommend the preparation by the American Welding 
Society of an approved form of data sheet for recording the tests on 
which the manufacturers of pressure vessels would base their design 
values. I have some practical objections to the use of this formula, 
nevertheless I have decided to support it for the reasons given and 
with the understanding that it is only tentative. 


Mr. Frank McKibben, Consulting Engineer: I think Mr. Miller and 
his colleagues are to be complimented on something new and some- 
thing useful, and I believe it has possibilities. 


The factor of safety covers a great many more things than Mr. 
Miller has suggested. In structural work, particularly bridge work, 
the factor of safety besides being a relation between the breaking 
strength, or the elastic limit, and the working stress per square inch, 
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provides for deterioration or corrosion of the material; it provides for 
increase in loads resulting from increased weight of rolling stock in 
railroads, and in the weight of trucks on highways. Very few bridges 
have failed from lack of strength. Thousands of them have been re- 
placed because of inadequacy. Mr. Miller’s paper is entitled “For- 
mula for Computing Design Stresses for Pressure Vessels.” Rather, 
it is a very good step forward in stating a relation between strength 
and ductility, which is quite a different thing from computing design 
stresses. After all, experience fixes to a very great extent the allow- 
able design stress. 


Someone has suggested that the reinforcement in these bend tests 
ought to be left on the specimens. I can’t agree with that. I think 
if a standard of this sort is adopted the reinforcements should be 
ground off the specimen before making tests, because it is a compari- 
son of products that we are studying, and in order to compare those 
products, we must have the test specimens alike, so the reinforcement 
should be ground off before making free bend tests, as Mr. Miller sug- 
gests. 


I think Mr. Miller’s formula is a step in the right direction. I do 
not believe that the industry is ready to adopt it for all kinds of struc- 
tures. 


Chairman Thomas: Mr. Candy, can you contribute anything to 
this discussion? 


Mr. A. M. Candy, Westinghouse Electric Mfg. Co.: Mr. Chairman, 
after hearing all this very excellent discussion, I don’t feel there is 
very much I could add to it. It is something that is a very serious 
problem among the tank manufacturers and I think all representatives 
of companies making tanks here should be given an opportunity to 
speak, rather than some of us who may be classified as peddlers. 


Mr. T. R. Lawson, Rensselaer Polytechnic Institute: There is just 
one point I would like to comment on. In all of the discussion this 
morning we have heard nothing said with reference to the modulus of 
elasticity of these materials. Some mention was made of the fact 
that the welded material had a higher yield point or elastic limit 
than the parent metal. Likewise, that the ductility might be reduced 
to something like 6 per cent from 25 per cent or 30 per cent. And 
that the ductility was the measure that was to be adopted in this case. 
But isn’t it a fact, in fact, it is a fact, that the ductility is not going 
to come into effect until after your stresses have gone beyond the 
elastic limit of the material? If your parent metal and your weld 
have the same cross section and they have the same elasticity, then 
the deformation up to the yield point is exactly the same. Now the 
stresses that you are using in these tanks are well within the range 
of the elastic limit. Therefore, does it not seem that while ductility 
may be an index of the increase in the elastic limit, or possibly in the 
tensile resistance of the material, yet is it not a fact that the modulus 
of elasticity should be given some consideration because that is what 
you need within the working stresses? As far as I know, very little 
work has been done on the determination of the modulus of elasticity of 
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welded material, and this should be incorporated in the investigations 
that will undoubtedly be started in connection with this pressure 
work. 


Mr. Kinzel: Mr. McKibben brought out that in the bend test the 
specimen does deform in the cross section. We have found by experi- 
mental work if the width of the cross section is at least three times 
its thickness the center portion takes a curve which is practically the 
same even with increasing widths, and that fracture, the corners be- 
ing rounded a bit, does not occur at the point in any of these speci- 
mens that we have worked, even though this is at a greater elongation, 
but does occur at the center, and that is probably due to the fact that 
we have two dimensional stresses there, whereas at the point you only 
have a uni-dimensional stress. But the problem is very much simpli- 
fied if you use a specimen three times wider than it is thick. That 
becomes a constant—we don’t have to worry about that. 

Chairman Thomas: Mr. Miller, will you close the discussion on your 
paper? ‘i 

Mr. S. W. Miller: I don’t know that I have all of the points that 
you gentlemen have raised, and if I don’t answer them all, please 
don’t blame me, because you have raised a good many questions. 


I want to point out first that in any tensile test piece the rupture al- 
ways occurs in the middle first; never at the edges. The shape of 
the fracture is, very roughly, this. (Draws.) The same thing occurs 
in the bend test. 

Mr. Wells spoke about freight car air reservoirs. It has been a 
long time since I have been in the railroad business, and I am not 
familiar with what is done at the present time; but you were referring 
to the 10-in. cylinders? 

Mr. Wells: Yes. 

Mr. Miller: And they are %4 in. thick? Well, by the ordinary for- 
mula, if my figures are not in error, that gives you a working fiber 
stress of 1500 lbs. 

Mr. Wells: For what pressure? 

Mr. Miller: 120 lbs. 

Mr. Wells: That would be about right, I guess. 


Mr. Miller: I want to point out that the fiber stress is not at all in 
my judgment out of the way. They have no trouble with those on 
railroad cars at all unless they get off the track and break them up. 
But I do want to point out the fiber stress is just probably in the 
neighborhood of what the formula would call for, although the form- 
ula was never designed to apply to cast iron. 


As far as Mr. Swain’s comment is concerned, Mr. Swain and I are 
good friends, but he is wrong. I think all you have to do to decide 
that point is to look at the table. Mr. Swain and I will argue that 
out later. 

Mr. Fyke has raised some rather important points. I said in my 
paper that we must assume, in discussing welded joints, that we are 
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talking about properly made ones, because we cannot admit we would 
base any design on bad material or construction. I think, therefore, 
that that would shut out any consideration of improperly made welds. 
If the bottom of the weld is bad, that would be determined by the ten- 
sile test, and I don’t think that anybody that was buying a tank would 
want to see any weld of that kind in it. 


It is true, as Mr. Fyke says, that the elongation by the bend test is 
about twice that obtained in the tensile test, and that raises the point 
as to what we mean by elongation. And, in fact, carrying it a little 
further, what we mean by any of the physical properties of material 
as determined by destructive test. 


For instance (going to blackboard), in an ordinary tensile test 
we determine the tensile strength, the yield point, the proportional 
limit or elastic limit, and the elongation and the reduction of area. 
Now they are all determined by a destructive test. We break the 
piece. The tensile strength is the ultimate strength. The yield point 
is the point at which the material begins to permanently distort. 
Both these are recorded in pounds per square inch. The elongations 
are measured in various ways, maybe in 2 in., maybe in 8 in., maybe in 
some other length. But, however we measure it (draws), we are not 
measuring any particular property of the metal that we use in de- 
sign; we are simply using the elongation, just the same as we are 
these other figures, as a method of obtaining material, which is the 
same as that which has given us satisfactory results in service. 1 
am afraid that we are all more or less given to the thought that these 
particular figures are of some value in our design. They are not, be- 
cause we don’t use any of them. A working fiber stress is a figure 
which is less than the yield point of the material, which we have 
found by experience gives us satisfactory results. 


As an illustration of that, I want to take a riveted joint. (Draws.) . 
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The riveted joint is essentially two pieces of plate, with a hole 
through both, which is filled by a rivet. We design a boiler, or riveted 
tank, on, we will say, a fiber stress of 11,000 per square inch. Where 
do we get it? Only from experience. In the early days they prob- 
ably designed when they didn’t know much about it, by filling a lot 
of holes with a lot of rivets, and turned the piece out. If it held up, 
all right; if it didn’t it was simply made a little stronger. But we 
have found, by experience, that 11,000 lbs. fiber stress per square 
inch is a safe fiber stress. Then we have taken that 11,000 lbs. and 
divided it into the strength of boiler plate, which we will say is 55,000 . 
lbs., and have obtained a factor of safety of five. Now the next 
boiler we design may have 60,000 lbs. steel in it. What do we do? 
We divide the 60,000 by 5 and we get 12,000, and use that in design. 
Why do we do that? Simply good engineering judgment based on ex- 
perience. If we had material that was 100,000 lbs., we probably would 
take 20,000 Ibs. as the working fiber stress, which is 100,000 divided 
by 5. 


Now there are some very curious things in connection with this. 
As Mr. McKibben has pointed out, the factor of 5 covers a multitude of 
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sins; it covers a lot of ignorance and has been called the factor of 
ignorance. I am rather anxious to add another word, laziness, so 
that in many cases the factor is one of laziness, which means that we 
don’t go as far as we can in finding what our maximum stresses reall) 
are. 


But to get back to boilers again, the yield point of the materia! is 
about 35,000 Ibs. per square inch. Boiler joints fail, usually through 
the rivet hole. The stress at the edge of the rivet hole, as we know 
by both theory and test, is practically three times the average stress 
across the piece. This average stress we have taken at 11,000 Ibs. and 
three times this, or about 33,000 lbs. per square inch, is just a little 
bit below the yield point of the material, so what we are actually do 
ing in designing the boiler is using a maximum fiber stress of just a 
little bit below the yield point, which is the theoretically correct 
method. 

Another curious thing. You bend a piece of boiler plate and you 
will get an elongation by the bend test of about 80 per cent. If you 
put that in the formula—and I am not saying you should put it in the 
formula for boiler design—but if you do put it in the formula you get 
a working fiber stress of about 15,500 lbs. and you at once say that, that 
is 50 per cent above the 11,000 lbs. we use, and you will probably 
question its safety, although I am quite of the opinion that a seam 
less shell of boiler plate would be perfectly safe under 15,500 Ibs 
fiber stress. But we put a hole in that plate and bend it, instead of! 
the elongation being 80 per cent, it is 25 per cent. Putting that in th: 
formula, we get a working fiber stress of 10,600 Ibs., which is ver) 
close to the 11,000. 


Getting back to elongation, I think that if we will agree on the defi 
nition of elongation that maybe we will have the matter a little bit 
more clear in our minds. Is the elongation the maximum elongation 
that can be obtained, or is it something less than that? In the bend 
test the elongation, as far as we have gone, is the same as that ob- 
tained from test pieces taken from the weld metal. In the bend test 
as measured with a scale, our practice is to put punch marks about 
% in. apart. 

Now, I don’t agree with Mr. Fyke that that is not a true measure ot 
elongation; I believe it is. I believe it is a better measure than on: 
that is less. It is the maximum elongation that the material can stand 
and if it is fair to use elongation as a basis for a formula, I think w 
should use the maximum elongation and not a lesser amount. 

Several gentlemen have spoken of standardization of processes 
Now that is just the point that we were trying to get away from. I! 
those gentlemen will sit down and try to make up a code, taking int 
account all the various processes and rods and all the variations that 
are used, I think they will have a real job. It is generally admitted 
that present code allowances for welds are too low. Therefore, 
seems to me that we will have to take some step that will enable u 
to get allowances that are somewhat reasonable. I don’t say wi 
ean’t go beyond 9000 or 10,000 Ibs.; I am very sure that with prop 
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erly made welds we can use much higher stresses than those. But 
if you are going to ask now for 15,000 lbs. fiber streess, you will not 
get it. I am sure of that. 


Another thing I want to bring out very strongly, and I think that is 
about the last thing I will say today, Mr. Chairman—a working fiber 
stress cannot be determined by any rational formula. You can de- 
termine the ultimate strength of the material and all the other prop- 
erties, but after you have them, what are you going to do with them? 
You may determine al] the facts, make al] the tests you please, and 
when you have done with them you have to sit down and use good, 
sound engineering experience and judgment as to what to do with 
those tests. I am advised, for instance, that in one of the large 
turbine manufacturing companies, after they have all the tests that 
they can get on the material that they propose to use, there is a com- 
mittee of five that sits down and decides what fiber stress to use. 
It is the cross section of the judgment of those five men that deter- 
mines what stresses are to be used; and they do not always get the 
answer, because there are failures in turbines. 


It wouldn’t make any difference to me, if I were a tank buyer, what 
process they were made by so long as I could get the results that | 
wanted and that I would have a safe tank. Therefore, inasmuch as 
the working fiber stress is not a definite, fixed value, and cannot be, 
I would urge very strongly that this formula be used until something 
better is developed. I am not saying it is perfect. It is an attempt to 
get something that will enable welding to get the reasonable recogni- 
tion in all branches that it deserves. 


Mr. C. A. McCune, American Chain Co.: I had hoped to contribute 
an opinion of the Welding Wire Specification Committee to this meet- 
ing. The committee has been endeavoring to determine whether any 
revision should be made to the specifications but have come to the 
conclusion that the specifications as written furnish a satisfactory 
wire for general commercial use. I agree with the remarks made that 
a great many claims are made by those promoting welding wire that 
cannot possibly be fulfilled. However, if the material meets the spec- 
ifications of the Welding Society a satisfactory wire should result. 
Some will be better than others. There has been very little said this 
morning covering the condition of the base metal, and I just don’t 
want to sit idly by and have all the blame for defective welds put on 
the welding wire. It is generally known that a good percentage of 
base metal is not suitable for welding and more attention should be 
given to this. 


WRITTEN DISCUSSION 


Mr. J. C. Lincoln, Lincoln Electric Co.: I am very glad to have 
Mr. Miller suggest a formula for determining the strength of welds 
in which the factor of the elongation of the weld metal enters. It is 
quite possible that the formula which Mr. Miller suggests is too con- 
servative and that experience will show that the larger strength may 
be safely allowed a welded joint than this formula permits. I think 
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the formula should err if at all on the side of conservatism at the 
present time. 


The fundamental fact to be considered in all welds is that in order to 
make a weld at all, the metal must be brought to the molten state. It 
is a fact that the volume of molten metal is about 7 per cent greater 
than the same metal at ordinary temperatures, consequently a contrac- 
tion along any dimension would be a little under 2 per cent. Unless 
metal is ductile enough to stretch this 2 per cent, cracks will develop 
in the weld. 


It happens that I have been working with rail joints for a number of 
years and in many cases on rail joint work the ductility of the high 
carbon steel used in rails is Jow enough so that in some cases these 
cracks develop showing that the weld is not sufficiently ductile to 
stretch the amount necessary to prevent cracks before cooling. All of 
us will have to admit, therefore, that a weld in order to have any 
strength at all will have to have approximately 2 per cent ductility. 
Beyond this point there will be locked up strains in the weld, and it 
must be remembered that the net strength of any long weld is equa! 
to the strength of the weld minus the locked-up strain at any point. 


Experience would indicate that this locked-up strain in some cases 
is of large amounts, running as high as 30,000 lbs. or 35,000 Ibs. in 
some cases even on soft steel. Assuming a strength of 45,000 Ibs. per 
square inch to weld metal and assuming the locked-up stress at some 
point in a long weld of 35,000 Ibs. per square inch, the net strength 
of that weld is only 10,000 lbs. The obvious cure for this situation, of 
course, is to provide a weld metal which will stretch and relieve the 
locked-up strains and thereafter the actual strength of the weld will 
be the assumed strength of the weld. 


It is perfectly evident that in any weld there will be either distor- 
tion or stretch of the weld metal, or locked-up strains, or both. The 
only way to make a weld in which the actual strength equals the fig- 
ured strength is to provide ductility enough so that the weld meta! 
will stretch and thereby relieve locked-up strains, allowing, there- 
fore, the actual strength of the weld to equal the strength which 
would be developed without the locked-up strains. 


I am very glad that Mr. Miller has suggested this formula and ! 
regard the move to introduce ductility as one of the elements of the 
permissible strength of the weld, as one of the greatest steps which 
the welding art has taken in many years. 


THURSDAY AFTERNOON SESSION 
Past President A. G. Oehler, presiding. 
Discussion Paper on “Present Status of Arc Welding Steel Build- 
ings’”* by F. P. McKibben. 
Mr. A. G. Oehler, Simmons Publishing Co.: It can be proven that 


r published in September, 1928, issue, Journal of the A.W.S 
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every development of material wealth must necessarily be preceded 
by a corresponding development in collecting information and in dis- 
seminating this information among a number, preferably a large num- 
ber of people. In other words, we may say that factual wealth, knowl- 
edge, times vital wealth, people, educated in the use of this knowledge, 
is a direct measure of our means of developing material wealth. 


The first speaker of this afternoon particularly well represents in 
his training and his occupation such a development. Let me give 
you a little thumb-nail sketch first of his history. He first entered 
our civilization on Nov. 13, 1871, in Fort Smith, Ark. His activities 
since that time have been of two kinds, academic and professional. 
The list is too long to give you in detail, but I can say that he was 
educated first in the University of Arkansas, and then in the Massa- 
chusetts Institute of Technology, and that since that time he has been 
engaged both in teaching and in actual practice in various lines of 
construction work. Right at the present moment he is engaged in 
delivering a long series of lectures, operating on a schedule that many 
political candidates might be envious of. These lectures began on 
Oct. 4 and will continue until March 4, or longer, and will include 
cities all over the United States. In that, we have a practical example 
of this so-called Godfrey theory that I just outlined in the form of 
our next speaker, Professor McKibben. 


(Reads his paper, as published in the September JOURNAL.) 


Chairman Oehler: After listening to Professor McKibben’s talk, I 
think you will all agree that he is a living exponent of the previously 
outlined principle. 


Now, then, what does that mean to you? He is going out into the 
field for the purpose of showing the public and the engineering pro- 
fession particularly what can be done with welding. Is he doing it 
to your entire satisfaction, or have you some suggestions to offer? 
By his efforts welding will be promoted; in this fashion it may be 
possible for many of you to reap a modest increase in profit. I 
think we ought to do everything possible to see that all of our sev- 
eral ideas are incorporated in his activities. I know he will take ad- 
vantage of your suggestions. 


The meeting is now open for discussion. Mr. J. H. Edwards, can 
we ask you to add something to what Professor McKibben has already 
given? 

Mr. J. H. Edwards, American Bridge Co.: Instead of attempting to 
discuss Professor McKibben’s very interesting paper I will, with your 
permission, give a brief description of another structure which has 
just been completed. 


We have recently erected a twelve-story hotel building at Hot 
Springs, Va., completely welded, in the shop and in the field, except 
wherever it might be necessary to use bolts for field erection purposes. 
This structure is the first so-called “tier” building of any size that 
has been welded. You are all more or less familiar with the Westing- 
house building at Sharon, a five-story heavy manufacturing building 
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of the tier type; also the three General Electric buildings which Pro- 
fessor McKibben has described in his paper. The West Philadelphia 
building has about all the problems that the structural engineer would 
usually find in a structure. We undertook its fabrication that we 
might learn something about those problems, such as roof trusses, jib 
crane loads, traveling crane loads and long column construction. 














The Homestead job was the next advance, a twelve-story structur: 
There were some unusual details in this structure, details which wer 
of interest to us more from economical standpoints, perhaps, thar 
difficult ones theoretically or otherwise. It was also a structure whic! 
would enable us to find out what could be done in the field in the wa 
of erection procedure and how best to hold the material in line unti 
it was welded. 


Tier building construction as you know, is made up mostly of col 
umns and beams. Details that save fabrication in the shop an 
make simple erection are demanded. One of the large items of ex- 
pense is handling of the various larger pieces, therefore, in multi 
story tier building handling in the shop of the heavier pieces should 
be reduced to a minimum. In the structure at Hot Springs we hav: 
endeavored to develop details where practically all the punching wa 
in the connections, thereby reducing to a minimum the amount of ha! 
dling of the heavy members, such as the main column shafts. 

To determine the strength of the various details that were peculia 
to this structure, samples of the important ones were welded an 
were tested at the Bureau of Standards, Washington, D. C. Fig. | 
an illustration of a section of a column showing these details. A) 
angle clip was welded on the face of the H column section, one seat 
angle welded between the flanges and splice plates between the flanges 
These details are arranged to avoid holes in the main shaft of th: 
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column, the only shop work requiring handling to machines is the end 
facing, after which the column sections are put on skids and the details 
are there welded in place. 


The illustration shows the manner of placing the specimens in the 
testing machine. The blocks bear against the angle clips in the same 
position as do the floor beams. 


In testing, the blocks rest on the bed of the machine and the load is 
applied at the top of the column section. Loads were applied until 
the angles were broken off or destroyed. 





Detar CONn<cTions 
Patent Aperico For Am. Bridge Co 











Fic. 2 


Fig. 2 shows the splice plates after testing. The column sections 
bolted together were placed horizontally in the testing machine, sup- 
ported at either end and the load applied at two intermediate points. 
The picture shows the welding held pretty well while the plate suf- 
fered somewhat. 


Fig. 3 shows the column section after testing. The angle clips on 
the flanges are broken off, while the angles welded between the flanges 
suffered considerable distortion and were still able to do work. Par- 
ticular attention is called to the way the angle between the flanges was 
placed. In tier building work where there are multiple stories, it is de- 
sirable to keep the length of the beams, as far as possible, the same. 
There is now rolled a constant dimension column, one which has the 
same distance back to back of the flanges. To accomplish the same 
relation the other way, that is, at right angles to the flanges, this de- 
tail has been developed so that holes punched in the outstanding legs 
for field connections have the same distance from the center of the 
column web for as many stories as possible so as to keep the beams 
alike. You will notice that the clip is not placed on the web of a column 
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since the webs vary as the thickness of the column varies, or as the 
weight of the column varies. 

Fig. 4 shows a tabulation of some tests that may be of interest. 
These tabulations indicate (it isn’t necessary to go into detail) that 
several thicknesses of angles and varying amount of lineal inches of 
welding were tested. The results indicate for %%-in. fillets, that 13,400 
lbs. average ultimate strength per lineal inch of weld was obtained. 


Fig. 5 shows the completed structure at Hot Springs. It is twelve 
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stories up to the sloping roof and is about 180 ft. high from the 
ground. Another interesting detail was the T roof framing. The 
T’s were cut to length, no holes punched, and they were placed on 
the rafters and fitted by measuring in the same way that a carpenter 
puts up a wooden structure and were then attached by welding. Two 


welders were on the job and they had no trouble whatever in keeping 
up with the erection gang. 


The reason why we had an opportunity to build this structure was 
because noise of riveting was to be avoided. This addition to the 
hotel is in between two sections of the structure and there would have 
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been considerable disturbance, you will realize, if riveted in the field. 
The only complaint made as to noise was a suggestion that lead mauls 
should be used in driving drift pins, and the gears on the hoisting 
engine were somewhat disturbing. Otherwise everything proved very 
satisfactory. 


In conclusion, I want to make a remark concerning costs referred to 
by Professor McKibben so you won't be misled. He said the best way 
to find out whether welding is cheaper than riveting is to get alter- 
nate bids. Don’t fool yourselves. We have been the victims of al- 
ternate bids on several structures, and I think in every one of them 
we feel we have some money invested. Now as long as contracts can 
be let on alternate bids you may fool yourselves and think you are 
finding out what the difference in cost is between welded and riveted 
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structures. Of course, the desire to experiment is going to stop some 
day and bids will then be based on costs obtained by experience. 


Of course, you are interested in the cost of the hotel structure, and 
to back up my observations concerning Professor McKibben’s remarks 
on alternate bids, I will say we received $8 a ton more than we would 
have bid for a riveted job and we have quite a little investment in it. 


Chairman Oehler: I think we ought to have a little more of th: 
same thing. I wonder if we can hear from you, Mr. Williams? 


Mr. Marshall Williams, Asst. General Operating Manager, American 
Bridge Co.: I don’t know that I have anything to add, particularly of 
engineering interest, but from the shop man’s point of view I think 
we have learned a lot. As far as the application of welding to struc- 
tural steel is concerned, it is not universally applicable yet. There 
are many places where we see that it will work to great advantag: 
There are many other places where we know it is very expensive under 
the very best conditions that we can conceive of just now. But we 
are creeping; we have to creep before we walk, and I think that in the 
course of time and not very far distant at that, the matter of better 
design, the result of longer experience, will bring us to a point where 
we will gain considerable benefit from the welding process in the shops. 
The great benefit in the General Electric job, for instance, on those 
roof trusses, is that there was no detail material. On the columns 
of the Homestead Hotel there wasn’t a single piece aman couldn’t carr) 
in his hand that had to be touched after it left the milling machine 
The columns simply went to the skids and all the material that had 
any work on it could be carried to the columns, placed there easily 
and the work finished. 


We have to find the place where it stops as an economical operation 
We think that we know pretty well now where it stops, as far as pres- 
ent practice goes. 


There is another thing you should remember. There is a big differ 
ence between going out and welding up a simple one or two-story shed 
structure, and a large company getting out mass production. We can’t 
have a high class man standing beside every welder and telling hin 
exactly what to do. We have to provide ways and means to show him 
that, and that costs money, as you all know. There is another mat 
ter in connection with production that you have to take into accoun! 
and that is, the rental value of your space and facilities. The process 
is slow, as you all must admit, and when you have a 90-ft. truss laid 
down on the skids, it stays there a considerable time before it leaves 
and goes out in the yard, whereas the same class of riveted work is 
there but a very short time. The time of procedure on this work 
when you get into work that is complicated, is considerably longer 
and therein enters the question of rental value of your property and 
facilities, per ton of output. 


There are a number of other things I could think of. I am a booste! 
for this welding game, as far as it goes economically, and when yo! 
get to the point where it costs a nickel] more I am thumbs down on it 
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and I know exactly what Mr. Edwards is talking about in his remarks 
about the investment that you are liable to have in a lot of these things 
before you find out just where to stop. 


Mr. Geo. A. Caldwell, Mississippi Valley Structural Steel Co.: One 
element which affects design was discussed at some length in the 
paper and that is the yield value of a weld. One slide that was thrown 
on the screen showed a variation in a group of five welders of nearly 
30 per cent, based on the lowest value found. This Society is putting 
on an extensive program of tests which will give us valuable informa- 
tion, but if we can look for a variation of 30 per cent in the values of 
welds produced by one group of welders under the same management 
and construction, what can we look for in a test program put on of 
the size proposed and under way by this Society? We can look for a 
great variation in value, and if the value recommended by the Society 
is based on the lowest, it will probably mean penalizing welding to a 
large extent. When this program is completed we will have a pic- 
ture of what we can look for in a broad way, from all shops engaged 
in welding, what results they will get. And we will have other infor- 
mation. But to my mind, it will be necessary for fabricators who use 
welding extensively to provide a way to test the operators and that 
will be another recommendation by the Society. Then, with operators 
being tested, each one will have a coefficient of value. 


I have conducted some tests within the last six months which opened 
my eyes in regard to different operators. One group of four welders 
was tested three times, and each welder had the same rank in the 
three tests. That group of welders was compared with another group 
of welders, and whereas the variation in one welder is only 10 per 
cent, in six test pieces, the variation between the different welders in 
a group would run around 30 per cent to 35 per cent. I think that 
fabricators using welding will, in the interest of economy, as well as 
safety, provide a means of testing properly. 


Nothing that I have done has created the interest among the oper- 
ators themselves as the test program which we have put on. They 
were invited to witness the. tests. It had the effect of stimulating 
them and creating an interest in their work such as it is impossible to 
create in any other way. These tests are not related to the paper 
under discussion, and for that reason I don’t want to take up your 
time in telling you about them. 


Chairman Oehler: I think that it was with becoming, if ill advised 
modesty, that your president induced, or rather caused me to officiate 
at this meeting. He knows something about the subject. I wonder, 
Mr. Llewellyn, if you would care to contest that statement or indorse 
it by telling us something about structural welding as you are con- 
nected with it? 


Mr. Llewellyn: Mr. Caldwell’s statement is absolutely correct and 
is to be expected. There is difference between this welder and that 
welder. The qualification tests that are being recommended by the 
American Welding Society give a definite procedure for rating welders. 
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But 1 would like to emphasize this point. We had a difference of 
30 per cent called to our attention as between the work of the best 
welder shown and that of the lowest welder. Is that any greater 
than you are getting in riveting? You figure all rivets of the same 
size, and under similar conditions, to act together. I wonder if any- 
body has read the very complete analysis of the distribution of stress 
in large riveted joints by Commander E. L. Gayhart, U.S. N., published 
in 1926. The tests were made on large joints 2214 in. in width, with 
from 10 to 20 rivets on each side of the joint. The strains were meas- 
ured most carefully by the Bureau of Standards, and showed that 
under certain conditions, with two lines of rivets the inner row took 
20 per cent of the stress, and the outer row 80 per cent. 


That is no reason for losing confidence in rivets. We don’t base ou 
confidence in rivets or welds so much on tests as we do on practical 
experience, and it is a fact that there has been more research, scien- 
tific and applied, in the various problems connected with welding in 
the last few years than has occurred in the entire history of other 
methods of fabrication. We are talking about things in connection 
with welding that are equally true about other methods of fabrication, 
but they haven’t been agitated before. 


I am going to mention a precaution that is very necessary in con- 
nection with welded structures, namely, the need for checking up 
certain features that we old rivet men (I was brought up on a diet of 
rivets) did not have to check up. You don’t have to count the rivets 
that are driven in a joint. The open holes speak for themselves. You 
don’t have to measure the diameter of rivets because a wrong sized 
rivet will be apparent. Now welds, and particularly field welds, have 
got to be checked. They have got to be checked by count, they have 
got to be checked as to location, and they have got to be checked as to 
dimension. That is recognized by the American Welding Society. To 
facilitate such a check the American Welding Society has a committee 
which will shortly report, working on a set of practical but simple 
gages, gages that have been in use in large shops in this country, 
and they are being put in such form as to facilitate this feature o! 
check that is most essential, in my judgment, to welding operations. 


Chairman Oehler: We have another paper to be presented this 
afternoon; therefore I am going, now, to ask Professor McKibben to 
reply to any questions which he may want to answer. Then we will 
present the other paper, after which we can throw the meeting open 
to a discussion of both papers, if there is sufficient time. 


Professor McKibben: Regarding the cost of welded buildings, Mr. 
Edwards is no doubt quite right about his extra investment in that 
building in Hot Springs, Va. Remember, however, that it is twelve 
stories high, a total height, I think, of 150 ft. above the ground, the 
largest welded structure ever built in the world, ten years after the 
first one was built. If they have a little investment there, they are 
lucky not to have a big one. But does the cost of the steel tell the 
whole economic story? It would be interesting to have the manager 
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of the hotel at Hot Springs tell us his side. A hotel manager tells me 
that his loss in the last year, due to construction noise of certain kinds 
similar to riveting, is $25,000. 


Discussion Paper on “Oxy-Acetylene Cutting in the Structural 
Field’”* by J. E. Roberts, Linde Air Products Co. 


Chairman Oehler: To save time and to avoid another gentle rebuke 
such as I received from Professor McKibben, I will omit any lengthy 
introduction of our next speaker. I will say that he has for nine years 
been associated with a large company and brings to us the combined 
information compiled by the many representatives of that company. 
The work of which he is to speak is an essential part of the structural 
steel industry. The title of his paper is, “Oxy-Acetylene Cutting in 
the Structural Field.” And the speaker is D. E. Roberts of the Linde 
Air Products Company. 


Chairman Oehler: This paper is now open for discussion. Mr. 
Thum, has the publishing industry compiled any statistics which 
might shed further light on this subject? 


Mr. Ernest Thum: You mean the amount of gas equipment being 
used in this work? The part of the publishing industry that I am 
connected with has not. 


Mr. Owens: This paper is very instructive, particularly at this stage 
of our welding development. {The applications of cutting and welding 
correspond very closely to the carpenters’ saw and nail. In other 
words, we are applying old methods in modern form to steel construc- 
tion. In the last analysis the structure produced at the lowest cost 
will be one in which simple tools are used. } Anything, therefore, that 
we can do to develop the cutting process to its maximum and make it 
possible to avoid milling the edges after the cut is made will be a de- 
cided advantage in the reduction of cost. I feel that although we have 
satisfactorily developed the use of the torch for linear cutting, we 
have not gone as far as we might with its utilization for the cutting 
of assembly holes. The cutting of such holes will make it unnecessary 
to transport the member to the shop for punching or drilling. It is 
recommended that fabricating and erecting engineers consider its ex- 
tensive use for this purpose. 


Chairman Oehler: Mr. Owens is a man who has had a lot of ex- 
perience and who admits that he doesn’t know all about gas cutting. 


Now, I think we should have some more discussion. If we don’t 


have it, it seems fair to assume that you know all there is to know 
about it. 


Mr. J. A. McEwen, Consulting Engineer: Just a little information 
along that line—a practical case. We punched a lot of heavy beams 
in the web with slotted holes to take some bracing. The County Engi- 
neer condemned some fifty tons of those beams because they were 





*Paper published in the November, 1928, issue of the Journal of the A. W. S. 
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burned and not drilled. To satisfy him, three plates of equal widt 
were prepared and in these plates holes were cut in one plate with 
hole drilled, one with a punch hole, another one a burned hole, and it 
turned out that in the final test of those plates that the plate with : 
burned hole was the strongest of the bunch. Now that is an interest 
ing fact. There is a good deal of prejudice about using torches t 
repair material or in making changes in the field. Some engineer 
go so far as to forbid the use of a torch. I think that that is a mis 
take. Our men become so expert in the use of those torches they ca: 
burn round holes and use them for driving rivets. One feature of that 
is this. When a hole is burned, before the metal is entirely cooled, 
you can drive a drift pin in and smooth up the metal, and you can get 
very good results without any damage whatever to the metal. I think 
the impression that burning destroys metal ought to be corrected be 
cause it is very, very convenient to burn holes in the field, where it is 
difficult to get a punch or drill on the job. The impression that burned 
metal is destroyed is erroneous. 


Chairman Oehler: Any further discussion? 


Mr. Cyril D. Jensen, Lehigh University: I have a question on the 
strength of fillet welds. Mr. Edwards’ paper showed the strength, an 
average strength, of about 13,000 lbs. per linear inch of weld. Mr 
McKibben’s was about 11,500, I believe. In reviewing the results o 
tests of several years ago, it seemed that the stresses were consider 
ably less than that. I am wondering whether the personal element 
is all of it, or whether there are other features which contribute to this 
change of stress. 


Professor McKibben: I can answer that. The first tests on fillet 
welds made in 1922 showed about 36,000 Ibs., as compared with 45,000 
Ibs. longitudinal shearing-stress per square inch. Those tests, so fa! 
as I know the first on fillet welds in longitudinal shear, were mad 
with very low currents and on thin plates. Recent tests have bee 
made with 175 to 200 amperes on thick plates. In the first tests th: 
elastic limit of the steel was very materially exceeded. In the recent 
tests the elastic limit has not been reached. So I think the differenc: 
is due to over-stressed plates and even more to the low current values 
used in the earlier days. 


Chairman Oehler: Mr. Liewellyn, how about the use of that tern 
“burned metal”? Do you agree entirely with that? 


Mr. Llewellyn: I would like to put that as an inquiry, not being : 
chemist. I think one thing that militates against the proper use of th« 
torch is the word “burning.” Is it not a fact that, while the metal r« 
moved is partially burned, if the cut is properly made the metal r 
maining is not burned, it is melted? If it is not burning, let’s chang 
the word and call it flame cutting. 


While on my feet I would also like to ask Mr. Roberts if there is an 
practical device whereby flame cutting can be performed, other than i! 
a machine, so as to avoid the serrated, zigzag that shows up on magn! 
fication of a good dea! of the hand work. I believe that so-called guides 














1928] DISCUSSION TECHNICAL PAPERS 115 


are provided, but the users that I have talked to state they are not con- 
venient. 


Mr. Roberts: In reply to your first question, about burning, it truly 
is a burning operation, if you consider burning oxidation. It is oxida- 
tion of the elements of the steel, burning of the carbon and the iron in 
the steel. Now, perhaps, that is a term which for psychological rea- 
sons should not be used. But it is one that has grown up in the indus- 
try, and one which you will find is used by men in the shop pretty 
largely. 


As to cutting straight edges, I don’t know of any device except a 
simple straight edge or wheeled guides outside of an automatic ma- 
chine, or straight line cutting machine. Perhaps you are familiar 
with our shape cutting machine whereby you can cut any irregular 
shape by following a template. I don’t know of anything better than 
simply practice in cutting. A good cutter can make a pretty straight 
cut without any guide at all, which is perfectly satisfactory for most 
structural steel work. 


Mr. Rooney: I would like to make a little suggestion about how we 
met a cutting problem. we had, very cheaply. We installed a cutting 
torch in the tube post of a lathe and we used the feed of the lathe to 
run longitudinally; then we got a very fine straight cut, we cut inch 
and a half thick plate very satisfactorily, together with making irregu- 
lar cuts, we used the cross feeds, mechanically driven, using the gear 
box to ascertain the speed most desired for the cuts. It is a very cheap 
method of applying the torch for cutting purposes. 


Mr. E. J. Raymond, Australian Oxygen Co.: Regarding the cutting 
of steel, I would like to support Mr. Roberts in regard to the cut sur- 
faces. We have done considerable work cutting members, gussets and 
so forth, by machines working like machines I have seen in the exhibit 
here, using a lead screw. We have been able to cut very cleanly and 
very accurately, and I think Mr. Llewellyn will find in straight line 
cutting a very cheap machine can be made along the lines the previous 
speaker mentioned. 


I saw a machine in England that was made by a company there 
for the Guttrick Company to do work for every kind of service. They 
have one constructed for cutting side frames for locomotives 40 ft. in 
length. I have some of the metal with me, not on my person, but at my 
hotel, and I will be glad to show it, that has been cut by that machine. 
I might add I have seen nothing approaching this machine in this coun- 
try so far. 


Chairman Oehler: For your information, gentlemen, the man who 
just spoke is Mr. Raymond, who is a charter member of the Victoria 
Institute of Welding Engineers of Melbourne, Australia. Incidentally, 
a member of the American Welding Society. So your influence can be 
widespread. 


Can we have some more information, or some more questions? 
If there are no further questions, before closing the meeting, I am 
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going to ask for a rising vote of thanks to the speakers of the after- 
noon. 


(Rising vote of thanks extended speakers.) 


FRIDAY MORNING SESSION 
Chairman J. J. Crowe, Air Reduction Sales Co.: The first paper this 
morning will be, “Testing Joints for Aircraft Structures Prepared 
Under Procedure Specifications.” This paper is divided into two parts, 
the first of which will be covered by Prof. H. L. Whittemore of the 
Bureau of Standards. 


Discussion paper on “Testing Joints Prepared Under Procedure 
Specifications,”* by H. L. Whittemore, Bureau of Standards and H. H. 
Moss, Linde Air Products Co. 


Chairman Crowe: We have these two most excellent presentations 
before you. Has anyone a prepared discussion? If not, I am going 
to ask Mr. Thum if he has any remarks to make on aircraft welding. 


Mr. Ernest Thum, The Iron Age: Mr, Chairman and gentlemen: 
During the last few years I have been impressed, as I think nearly 
all of our citizens have, with the growing importance of aircraft. | 
have engaged in some rather frank controversies with people who 
know a lot about dirigible construction—about the advisability of 
building such big ships, and also the comparative utility of high 
strength and stainless steels and the higher strength aluminum alloys 
for such structures. Some of the former can be welded with impunity. 
The latter cannot. It seems to me that the aircraft industry would 
welcome a light, strong alloy which retains its strength and corrosion 
resistance after welding. As was pointed out last night by the Assis- 
tant Secretary of the Navy for Aviation, at the Steel Treaters’ ban- 
quet, there is undoubtedly a very decided trend toward the all-metal! 
aeroplane. He pointed out that at the end of the Great War the fusel- 
age was practically 100 per cent spruce, with the exception of a very 
few pounds of fittings, and he said the planes then were being built 
in “carpenter shops.” At the present time both commercial and fight- 
ing aircraft have about half steel in the fuselage. The engine re- 
mains steel and alloy the same as before. The Secretary made so 
bold as to predict that within another five years the entire structure 
would be of metal, with the possible exception of some fabric covering, 
and even there, as may be observed in all-metal boats built abroad, 
the metal bottoms of the hydroplanes being built for the Navy, and 
the all-metal Ford aircraft, even there is ample chance for thin sheet 
metal for wing and body coverings. So that the question of welding 
such structures, not only steel structures, but alloy structures, is one 
of great importance, and one which will increase in importance. 

The total tonnage of metal which goes into aircraft at the present 
time is, of course, a minute percentage of the total production of this 


*Papers by Prof. Whittemore and by Mr. Moss on Procedure Specifications in Test- 
ing Aircraft Joints published in this issue of the JoURNAL 
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country, but that percentage doesn’t measure in any respect the im- 
portance of the subject, not only to the country as a whole, and to its 
commercial life, nor to the public interest which is being manifested 
in the aircraft industry. 


I wish to compliment the Committee for the evident pains which 
they have taken to get up this very extensive test program. The 
Welding Society is to be congratulated for sponsoring such a move- 
ment as is under way. I thoroughly believe in procedure control for 
welding—I think that the managerial aspects of it are of greatest 
importance. 


Chairman Crowe: I see we have with us Mr. Raymond, of Australia. 
I wonder if he would care to make a few remarks about what they 
are doing over in Australia on aircraft structures? 


Mr. Raymond: I am afraid that is a matter we know very little 
about. We are not building very much in the way of aircraft at 
present. We hope to later, but we are certainly taking a very keen 
interest in the welding of metal fuselages. I think that is about all 
I can say. We haven’t made any strides at all. We have a few pilots 
in our history, but no history about aircraft construction. 


Chairman Crowe: Hiding away back on the end I see Professor 
Crook, of the Catholic University, who has been doing a lot of re- 
search work in wind tunnels on aeroplanes, and has been cooperating 
with Professor Lawson in the study of stresses on rail joints. I won- 
der if he would care to make a few remarks? 


Professor L. H. Crook, Catholic University: My experience with 
a few of the aeroplane designers is that they are a little worried 
about the stresses that exist due to welding. We have not told them 
enough about what happens when the joints are welded. Many seem 
to still think that the bicycle welding method is good enough. A num- 
ber are still producing joints by the old-time brazing and riveting 
method and getting along very good. There is a tendency among 
them to ask for more and more steel but their designers are still 
worried about the additional weight and stresses. I think that it 
is up to us to make some good fundamental tests, study the welding 
of thin metals and tubes and take measures to acquaint the manufac- 
turers with the practical progress we are making with such studies. 


Some of Professor Whittemore’s tests show an increase in efficiency 
when a thin sheet is placed in the joint. I refer to those tests in 
which the breaks were outside the welded section. Does the thin sheet 
carry off some of the heat and by so doing relieve the high live 
stresses right outside the welded portion of the tubes and therefore 
raise the efficiency of the metal just outside the welded section? I 
have performed tests on thin flat plates and find that the insertion of 
a small extra web or flange not only helps to make up for some of the 
poor welding but also has an additional advantage in that it carries 
off some of the extremely high temperatures, that perhaps cause the 
live stresses just outside of the weld, and gives an increased efficiency 
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to that portion of the main plate just outside the weld much the same 
as shown in the tube tests of Professor Whittemore. 


We speak of the efficiency of the joint, we speak of the welded 
section as being so much stronger than the main plate, but we do 
not devote enough attention to the stresses and efficiency of the main 
plate just outside the weld. The college professors should devote 
their attention to the work of studying stresses near the weld, ad- 
vance theories and have thorough discussions on the causes of these 
stresses and permanent deformations. They should give values of 
the live stresses in proportion to the distance from the weld, find the 
causes of these stresses and what procedures or schemes will increas: 
or decrease them. 


Chairman Crowe: Thank you. I see Mr. Larsen, of the A. O. Smith 
Corporation, who has been working on quite heavier welding than we 
encounter in aircraft construction. I wonder if he would care to 
make a few remarks about stresses in joints? 


Mr. Larsen: Mr. Chairman, I don’t feel that I can say very muc! 
in regard to stresses in such thin sections. There is no doubt that 
in heavier sections there are large stresses and strains set up by th: 
welding and unless these are relieved in some way, I think that the) 
may cause some trouble. Of course, in heavier material it is pos- 
sible to do that quite easily. I don’t imagine it would be feasible to 
attempt in any way to do it with the parts of the fuselage of an aero 
plane. I think in the fuselage it seems the structure may be flexible 
enough to relieve a great many of these stresses. I don’t believe th: 
stresses are exactly like those in heavier structures. 


Mr. P. Alexander, General Electric Co.: I will say that as a labora 
tory man I am more interested in the application and development of 
the methods of welding which will be used in the future. The present 
needs are taken care of by the engineers. I am interested more in the 
future needs. 


At the present time, I am interested in the welding of special non- 
corrosive alloys which I believe will be used in the construction of 
seaplanes. The welding of materials, such as ascalloy or chromium 
alloys I believe to be very difficult. We know very little about their 
welding properties, but by improving our methods and technique it 
will probably be possible to successfully weld these materials and 
use them to advantage in the construction of seaplanes. 


Professor H. L. Whittemore, Bureau of Standards: The welding 
of stainless steel, non-corrosive steel for aircraft, isn’t confined to 
seaplanes. I think it is broader than Dr. Alexander has led us to 
believe. The military engineers, at least, feel that they much prefe! 
an open section that can be inspected on all sides for the girders o! 
airships because the factor of safety is extremely low, lower than it 
is in any other engineering structure. 


The design of girders would be simplified and the weight could be 
reduced if tubes could be used instead of the channel sections which 
have been used almost exclusively up to the present time. The sug 
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gestion that after the tubular girder is finished it be sealed airtight 
so that the corrosion caused by the oxygen which might be seated in- 
side the tubes could not progress further is | understand not accept- 
able to the officers responsible for the safety of these lighter than air 
craft. They feel that it is necessary to have members of which 
all the surfaces can be inspected while the airship is in service. 


If welding engineers can perfect methods for welding stainless 
or non-corrosive steel this material will undoubtedly be considered 
for both airplanes and airships. It is a very important problem. 


Discussion Papers on “Standard Line of D. C. Machines Fabricated 
by Arc Welding.”* By R. 8S. Marthens, C. C. Brinton and F. T. Hague, 
Westinghouse Elect. & Mfg. Co. 


The second paper on the program this morning is “Design of Ma- 
chinery Parts by Use of Welding of Steel Shapes,” by Messrs. Hague, 
Marthens and Brinton. As I understand it, this paper is divided into 
two parts, one, the engineering part of the paper, and the other, shop 
methods and their application. The first part will be given by Mr. 
Hague, of the Westinghouse Electric and Manufacturing Company. 


Mr. F. T. Hague, Westinghouse Electric & Manufacturing Co.: 
(Reads his portion of the paper.) 


Chairman Crowe: We will follow the same procedure on this paper 
that we followed on the other, and that is, have the second part of the 
paper presented before opening the meeting for discussion. The 
second part, that is, on the shop application of the methods, will be 
presented by Mr. Brinton, of the Westinghouse Electric Company. 


Mr. C. C. Brinton, Westinghouse Electric & Manufacturing Co.: 
(Reads balance of paper.) 


Chairman Crowe: Gentlemen, this paper is now before you for 
discussion, and I am going toe ask Mr. Llewellyn, President of the 
American Welding Society, to open the discussion. 


Mr. Llewellyn, U. S. Steel Corp.: I do not feel qualified to go into 
detail regarding this matter. Machinery, to me, is a marvel. The kind 
of structures that I have to do with have been those that do not move. 
If one of our products moves we consider ourselves failures. It is 
with interest and enthusiasm that one sees the application of weld- 
ing to machine construction, but I am not in position to add anything 
that would be of value. 


Mr. J. F. Lincoln, The Lincoln Electric Co.: There are several 
points brought out by the author of this paper which I think are of 
great importance. 


1. The first is that in redesigning from cast iron to steel, if the de- 
sign is proper, while the looks will be different than the previous cast 





*Paper published in the September, 1928, issue of the Journal of the A. W. S 
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construction, yet the appearance will be satisfactory. Only in this 
way can the great advantages of this substitution best be made. 

2. The author also stresses the point that there are only a few 
shapes and parts necessary to make the entire structure. Our own 
experience on this will perhaps be of help. We have gone further 
with this redesign from cast iron to steel than any other manufacturer. 
Over 95 per cent of all castings previously used are now made of steel 
welded. We need to carry but twelve separate shapes for this entire 
line of motors and welders. The total inventory now is less than 8 
per cent of what it was previously when the apparatus was made with 
the cast construction. At the same time, of course, the patterns and 
pattern storage are eliminated. 


3. The third point brought out by the author which I think, per- 
haps, should be stressed, is the great importance of designing jigs 
and fixtures so as to cover a large range of sizes. With proper in- 
genuity applied this can be done so that the total investment is small. 
In our own case in which our line covers induction motors from 1 hp. 
to 400 hp., and arc welders from 100 amperes to 2400 amperes, the 
total investment for jigs, fixtures, etc., will not exceed $5,000. 


There are some other statements of the author which, I believe, 
should be amplified. 


First: The machine described is not the first successful attempt at 
building direct current apparatus from arc welded steel. The Burke 
Electric Company has been making frames for all direct current ap- 
paratus for at least ten years and rolling these frames cold. I believe 
that their method of manufacture has certain advantages over those 
described by the author both in the first cost of equipment and also 
in the elimination of heating. 


Second: The author recommends that the weld should not carry 
any stress. Fig. 1 is a picture of a rotor spider which has been used 
for some eight to ten years on all alternating current machines which 
have been built by The Lincoln Electric Company. These motors are 
applied in many cases to elevators where they are stopped by a brake 
as frequently as 400 times an hour. Under these conditions the weld 
is subjected to shocks and stresses which are much greater than in 
the usual operation of motors. Tens of thousands of these welds have 
been so operated for years. Up to the present time there has not 
been a single failure. 


Third: It is brought out by the author that the welds should under 
no conditions carry current since the information on this point is in- 
sufficient to be able to conclude that it is a safe current carrying con- 
struction. At the present time there are hundreds of thousands of 
rotors in which the winding has been arc welded to the short circuiting 
ring. This construction has been standard with our company for 
more than ten years on both brass and copper. To my knowledge 
there has never been a single failure of this joint. 


Fourth: The author stresses the point that small beads should be 
used because of the difficulty in making large beads and the fact that 
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these large beads are not homogeneous and efficient [ can well under- 
stand his hesitancy in weaving one bead over another. However, I 
can see no possible objection to putting on a fillet bead with a heavy 
electrode and heavy current. A bead of this kind as large as 1 in. 
can be and has been successfully made in commercial practice for 
years. 


Fifth: The author stresses the point that special selection of wel- 
ders should be made. If this process is to have the wide application 
that it seems destined to have, it will be necessary for the average 
operator to be entirely successful in his work. By proper inspection 
there is no difficulty in making sure of satisfactory welds in all cases, 
and there is no more necessity for special selection of welding opera- 
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tors for the usual commercial job than there is for special selection 
of machine operators or truckers. We, ourselves, do not make spe- 
cial selection of operators, and during the period of seventeen years 
over which this redesign has taken place in our own factory, to my 
knowledge we have yet to have a single weld fail in service. 


Sixth: The heating of the parts to be formed is again something 
which should be considered with a good deal of care. Parts which 
are heated can be bent with a great deal less investment in machin- 
ery than parts which are bent cold. There is, however, another diffi- 
culty with the heating of parts to be bent that will add to this cost 
and that is, after the parts have been heated and bent they will con- 
tract considerably on cooling, thus leaving a large gap which must be 
filled either by the insertion of a piece with two welds or by making 
a large weld to bridge it. If the part can be bent cold without too 
great an investment, it is undoubtedly best. 
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Seventh: An advantage which is frequently overlooked in the appli 
cation of this process to manufacturing is the fact that changes of de- 
sign can be very quickly and cheaply made in comparison with the 
older methods of manufacture. Changes, which with the older method 
would take months, can be done in days because of the elimination of 
finished drawings, patterns and pattern castings. The fact that in 
many cases there is no necessity of machining of the finished steel part 
which when made from castings of necessity must be machined, also 
is a very considerable advantage. 


While there is a great deal of work for the cutting torch in the mak- 
ing of many designs, yet it should be eliminated insofar as possible, 
since proper design may entirely eliminate the necessity of cutting, or 
if the necessity is still present the work should be done by a shear, 
friction saw, or some other more rapid method. 


It seems to me that this whole matter of redesign from castings to 
welded steel is one which may well attract the attention and ingenuity 
of the very best mechanical engineers in the country. Here not onl) 
are possibilities for great savings, but also there is the possibility of 
devising machines which are possible and economical when designed 
in the light of are welding, which made by the methods of castings, 
may be impossible or uneconomical. The difference between a design 
well considered and one which is an attempt to merely copy the cast 
form is also in many cases the difference between a large saving or 
no saving at all. This change is not merely the application of a new 
tool to manufacture—it is a process which will make fundamenta! 
changes in all design and should be so treated. 

Chairman Crowe: You have all heard Mr. Lincoln’s interesting dis- 
cussion. I tried to get Mr. Hobart on the aircraft design. I wonder 
if he would care about discussing this phase of welding? 

Mr. H. M. Hobart, General Electric Co.: Some ten years ago, whe! 
nobody would listen to them, a few engineers found it very interesting 
indeed to advocate and work toward these fine things that are now 
happening. They were already satisfied of the great importance of 
their propositions. Now that everybody is agreed that it is the onl) 
thing to do, their interest has become less intense. In the meantim: 
they have even seen still better ways. This could hardly be otherwise 
after so many years of indifference to their proposition. I have 
nothing but admiration for all this fine work, but the thing that is 
really interesting to engineers is trying to improve a thing done by 
one method by doing it better by another method. 

A suggestion made by one of the authors brought to my mind an 
alternative proposition which I have advocated. I believe this to be 
of importance and I resolved to say a few words preparatory to re 
signing myself to another ten years of opposition to this new proposi- 
tion. The author stated that the foundries were threatened with ex- 
tinction. I don’t know much about the foundry business, but if I were 
a steel founder, I believe that I should see in the present situation, 
NOT a prospect of extinction, but a chance for great extension of 
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my business of making steel castings. As I say, I know little about 
foundry work, but from what I have learned and from just plain 
reasoning, which can’t be far wrong, it is apparent to me that the 
steel founder, instead of wasting time worrying about the situation 
along the line of trying to reduce his costs by his present methods, 
should examine whether welding methods could be so employed as to 
help him improve his situation. He would, of course, consider modi- 
fications of his present steel foundry, but I can explain my sugges- 
tions better by assuming a case where a new steel foundry is to be 
built. I suggest that he need invest in it far less money if he in- 
cludes in its equipment the proper welding facilities. He will be 
able to deliver steel castings to his customers at a much lower price 
than he can by his present methods, in virtue partly of the lower 
fixed charges, and partly of other advantages which will accrue from 
the plan. 


A large and complicated steel casting is often associated with a 
cost per pound which can be cut in half by the substitutnon of two 
or more small and simple castings which, at a very small cost, can 
be welded together to constitute the equivalent of the large and com- 
plicated casting. Often the resulting structure can, for a given 
strength and suitability, be actually lighter than if it consisted of a 
single casting. The loss and delay through the rejection of faulty 
castings will be less with this plan. Shrinkage is less of a complica- 
tion. Heat treatments become more practicable. The presence of 
blow-holes will be more readily detected. Only the defective compo- 
nent, instead of the whole structure, need be rejected. Homogeneity 
throughout the casting is more readily attained. Furnaces and cranes 
and ladles and other features will be smaller and cheaper and more 
convenient. The load factor of the foundry will be better. The loss 
through idle investment in dull seasons wil! be decreased. 


Now as to these very interesting electrical machines which the 
authors have described, one reason that they are an important step 
in advance, as I am sure they are, is quite apart from the extensive 
use of rolled material welded together. That reason is that they have 
obtained permission from their executives, to make a complete fresh 
start on a large scale involving large expenditure. They have been 
allowed to do radical things and make wide departures from all cus- 
toms. They have made better machines not only because of using this 
new art of welding, but also because they have broken away from old 
traditions that have for so long a time held back the art of dynamo 
design. Several features they have just described, certain of which 
are also described in their paper, are illustrations of this. 


The authors enlarge upon the point that they have greatly reduced 
the number of varieties of component parts. One difficulty which has 
been encountered in the usual designs embodying castings, has related 
to the great cost involved for patterns and tools when you only made 
a few machines of any one size. Now the authors explain that they 
have striven to attain the goal that 90 per cent of the component 
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parts of their machines shall be standardized so that they may make 
large numbers of each part and use identical parts in quite different 
sizes of machines. The steel founder should see in this policy his 
chance to come back. If he can make ten or one hundred times as 
many of a given cast steel part as he could before, the cost of cast- 
ings is much less than when he made only one or two or a very few 
of each kind. He should follow the author’s example and break away 
from hampering traditions. And the designers, even without depart- 
ing from the use of steel castings, could make many radical improve- 
ments if they would free their minds from all the traditions asso- 
ciated with the old constructions. 


In other words, (1) a notable part of the author’s fine achievement 
has related to employing standard parts made in great quantities, even 
in machines in which a very few of each size are built, (2) a further 
gain has been achieved through making a complete fresh start and 
throwing away constructions which have outlived their appropriate- 
ness, (3) the third gain is in the savings and advantages effected by 
the wide introduction of the use of welding, even though they have 
confined its use to the joining of rolled shapes. 


But in standardizing component parts to such an extent that stand- 
ardized identical parts will be made and used even in machines of 
which only a very few of one size are built, the authors remove an 
important reason for not using steel castings. It thus becomes proper 
to use steel castings or pressed steel parts or rolled shapes, indiffer- 
ently, except that the choice should in each case be determined after 
an economic comparison. 


I think it would be very interesting indeed to see whether we can 
improve upon this new art by a rejuvenated casting proposition in 
which the designer will make the freest use of welding. I believe the 
designs described by the authors are excellent. Other firms have done 
and are doing equally fine work in this field. But it appears that the 
zeal for using rolled material has sometimes led to other than the 
ultimately best decision. There are, I believe, parts where the de- 
signs described by the authors would have been still better and 
cheaper and more appropriate for their purpose if consideration had 
been given at each step as to whether in some cases there should not 
be substituted for the plan of welding together rolled shapes, the 
alternative of welding together steel castings or pressed steel parts. 


Shipbuilders recognize that the use of welding in their industry has 
been of very great value. Welding bids fair to replace riveting in 
the steel building industry and in the bridge building industry. Weld- 
ing has been of much importance in constructing pipe lines and pres- 
sure vessels. The authors have ably and convincingly shown the 
profound influence of welding in radically changing and improving 
the construction of electrical machines. Analogous applications will 
be made in the construction of machine tools, engines and other ma- 
chinery. In the steel foundry industry welding can, in my opinion, 
be of very great service in improving the quality of steel castings and 
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in decreasing their cost. Welding can help materially in improving 
conditions in the steel foundry industry. 


It is a source of great gratification to see these fine electrically 
welded designs of dynamo electric machines, and I want to compli- 
ment the authors heartily on their excellent paper. 


Chairman Crowe: I see Mr. Ewertz there, one of our past presidents, 
who has had a great deal of experience in welding from the very be- 
ginning, especially in the machine end of it. 


Mr. E. H. Ewertz, Consulting Engineer: While my knowledge of 
construction of electric motors is very limited, | was very much in- 
terested in Mr. Hobart’s suggestions and discussions. Of course, to 
my mind the matter that we are suffering from today primarily is 
lack of knowledge of welding among our engineering fraternity. If the 
designing engineer of any apparatus knew the fundamenta! of weld- 
ing and how to apply it he could design a structure regardless of tra- 
ditions and until traditions are eliminated we are unable to obtain 
100 per cent service from welding. 


Yesterday we had quite a long discussion on Structural Work where 
welding is now being applied to a marked degree, and I was much 
amused at the statement of a structural engineer to the effect that 
there. was a limit as to the application of welding due to erection prob- 
lems. In thinking about it, it seems too bad that as yet the engineer 
has not solved how to erect a building without the use of the tradi- 
tional bolts, but it will be solved, and we will look back on the use of 
bolts as an old notion. 


It is wonderful to know that one of our big companies has had the 
courage to scrap vast equipment and install new equipment permit- 
ting the manufacturing of their machinery from a new design based 
on the use of welding, and while it is disappointing that they are just 
taking the redesigning by slow steps, it is readily understood that it 
takes time for their welding engineering department to convert all 
other engineering divisions to their way of thinking. 


Let us hope that our American Welding Society can in the near 
future give engineers in various lines of activity, be it structural, 
electrical or machinery, such data on welding as will permit them to 
execute designs with the use of welding that will produce a simpler, 
more substantial and more economic structure. 


Chairman Crowe: I wonder if Professor McKibben would favor us 
with a few remarks on this line of work? 


Professor McKibben, Consulting Engineer: Regarding the erection 
of buildings without bolts, it has been done, and is being done. For 
some types at present it is perfectly feasible; in other types very un- 
desirable. A building is subjected to two kinds of loads—first, erec- 
tion loads, and second, loads after the structure is finished. I would 
not care to take any chances at present on a multi-story building 
clamped together during erection. A derrick boom may hit a beam 
and knock it out of position and wreck the structure. A severe wind 
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may do the same, and I am not prepared yet to erect a multi-story 


beam and column building without bolts. The erection stresses must 
be considered. 


I wish to compliment these gentlemen on substituting welded struc- 
tural steel for a more expensive material. 

Chairman Crowe: Is there anyone else who would like to discuss 
either this paper or the previous paper on aircraft welding? 


Mr. A. M. Candy, Westinghouse Electric & Mfg. Co.: I first wish to 
compliment Mr. Hague and Mr. Brinton on their very excellent presen- 
tation of the subject matter in hand. One thing that occurred to me 
as I was listening to the discussion of the paper, I heard so much 
about castings—you might almost think we were attending a foundry- 
men’s convention, but that, of course, is not the case, and I wish to 
assure you it wasn’t the foundry interests at the Westinghouse Com 
pany which spurred us on to present this paper which we have here 
this morning. 


The welding work has certainly come along by leaps and bounds 
in the last few years, but we still have a problem before us to con- 
vince the buying public at large that welded designs are acceptable 
If we were selling all of our equipment to engineers, such as Mr. 
Lincoln and Dr. McKibben and others I might mention, there prob- 
ably would be no difficulty whatever, but as Mr. Ewertz pointed out, 
we do not have the engineering fraternity at large convinced that 
welded structures are entirely safe, regardless of whether it is a 
bridge, building or electrical machine; so we must proceed with cau- 
tion. True enough, the welding engineer would like to see welds used 
wherever possible and in every conceivable way, up to the full allow- 
able strength which we know can be used; but we can’t get everything 
we want. I, for one, was very much pleased with the advances that 
have been made, and even though the designs may seem ultra-conser- 
vative in some places, nevertheless it looks to me as though the elec- 
trical manufacturers at least have stepped out further and produced 
welded designs much more completely than any of the shipbuilding 
crowd have—not meaning that at all as a slam, but we don’t have any 
shipbuilders who have a complete line of boats of any kind available. 
They don’t even have complete designs of barges that are partially or 
completely welded. So I really believe the electrical manufacturers 
are a step in advance of the shipbuilders, even though we may express 
a slight disappointment. 


The older engineers we have had to deal with in pushing this work 
have naturally been conservative. We only need to go back two or 
three years—I can recall a case in the early stages of the develop- 
ment which has culminated in what Mr. Hague and Mr. Brinton have 
described. We were trying to get the designing engineers to replace 
riveted end bells on our machines with welded construction. In those 
end bells, they had certain angles for reinforcement. We wanted the 
substitution of a straight plate or bar on edge for reinforcement. 
We couldn’t get it across, were too poor salesmen. The mechanical 
engineer said it wouldn’t look right without the rivets. But he said 
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if we would use angles it would be O.K., so the first ones were put out 
that way, but now they are flat bar stock. 


Another rather prominent engineer, as late as 1925, wrote a letter, 
when we were taking up such questions, saying he thought welds were 
a very successful means of attachment where unavoidable. When you 
have that trend of thought you have a hard row to hoe. 


Another case of conservatism was that of an engineer who said 
that, when the Westinghouse company was ready to accept lugs for 
lifting transformer cases which were completely welded to the shells, 
instead of combination welding and riveting, he would be glad to ac- 
cept the use of welding in his own organization. 


Those things have all changed, of course, in the last few years, 
as we have seen this morning. Incidentally, I might add that Mr. 
Brinton and Mr. Hague failed to mention the fact that the building 
which you saw containing this rolling mill equipment, is a welded de- 
sign, using trusses made entirely of T bars, some of which are com- 
mercial rolled shapes, and others of which were obtained by splitting 
the large beams to obtain the necessary T bars, making a completely 
welded building except for portions of the crane runway which existed 
before the building was put up. 


Just as an indication of what is coming and what is here with us, 
for those of you who are interested in foundry practice, | might point 
out that the work you saw this morning which, of course, is only a 
small portion of what is going through our East Pittsburgh Works, 
is at the present time running an average of over 600 tons a month. 
On most of these designs, the savings vary from 30 per cent to as high 
as 50 per cent in weight, so therefore 600 tons a month represents at 
least one thousand tons a month of cast material which would formerly 
have come through our foundries. Now that is a thought for anybody 
who is interested in foundry work. 


The point Mr. Hobart brought out, relative to small castings—while 
in many cases, small castings are cheaper than the equivalent welded 
structure, nevertheless if this large tonnage is taken out of the 
foundries, which is very desirable work, we may find that the costs of 
foundry practice are going to rise as a result of losing that business, 
and smaller castings may cost us more in the future. So those are all 
points which we must bear in mind. 


In closing, I wish to say that I hope that this work has inspired con- 
fidence in those of you who have possibly shown a little skepticism, as 
I think you must realize that our company would not go to the tre- 
mendous investment involved in making the layout which you saw, 
unless it was backed up by sound engineering practice and not simply 
a passing fad which will pass out of the picture in a relatively short 
time. 


Mr. Ewertz: I cannot resist the temptation to take Mr. Candy to 
task regarding his statement about the shipbuilders. Mr. Candy was 
very kind to class me as a shipbuilder even though at the present time 
as consulting engineer, I can hardly claim such classification. 
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About three (3) months ago I had the pleasure of inspecting an all 
welded oil barge now in service in Canada, and I found this barge 
entirely satisfactory, and only yesterday my partner inspected a new 
all welded steel barge built by the Federal Shipbuilding Company, 
which barge is now in water ready for service. 

In order to more fully justify shipbuilders I am going to ask Mr. 
Owens, who is a shipbuilder, and is dealing with this subject all the 
time, what is now going on in the shipyards. Before so doing I may say 
that at the request of the International Acetelyne Association | ob- 
tained from 16 shipyards the annual consumption of oxygen and 
acetelyne gas and find that these 16 plant use over 24,000,000 cu. ft. 
of gas a year for cutting and welding indicating to a degree the ac- 
tivities of the shipyards. 

Chairman Crowe: I see Mr. Owens over there just raring to go so 
I think Mr. Candy will probably have his hands full. 


Mr. Owens, Newport News Shipbuilding & Dry Dock Company: 
I, like Mr. Ewertz, can’t sit here and hear that slam of Mr. Candy’s 
without coming back, for the application of welding in building struc- 
tures and in other fields is largely due to its early and more recent ex- 
tensive applications to ship construction. 


During the war, the application of welding to the salvaging of the 
cylinders of the interned German ships did more to advertise the 
process than anything else we have ever been able to put across. At 
that time, no appreciable amount of welding was being done on ma- 
chine parts and building structures, although in 1920 there was 
launched in England a completely welded steamer. I recently wrote 
a letter to its builders—Messrs. Cammell Laird & Company, Ltd., 
Birkenhead, England—relative to the service that this steamer ha: 
rendered, and they stated that it was entirely satisfactory while under 
their supervision. I was referred by them to the present owners, The 
British Columbia Cement Company, who stated that “the ship is as good 
as the day it was built.” I propose publishing these letters as they 
very clearly show the service that a welded ship structure has ren- 
dered over a period of years. 

There is no structure which is required to stand the stresses of a 
ship in service, for you have tension, compression, shear, alternating 
stress, etc. 

Relative to the amount of welding being used in ship construction, 
will say that our yard, the Newport News Shipbuilding and Dry Dock 
Company, built last year the 600 ft. S.S. “CALIFORNIA” for the 
Panama Pacific Line and used 30,000 pounds of weld metal. Her sister 
ship the “VIRGINIA,” launched a couple of months ago, required be- 
tween 60,000 and 90,000 pounds of weld metal. Due to the compli- 
cated nature of the problem of welding on a ship’s hull we are ex- 
tending its use gradually, taking one part of the ship after the other. 
Having obtained the consent of the owners and ‘architects for the 
welding of certain. parts on a hull, we consider the welding of these 
parts as standard practice on the next ship. By this means it is hoped 


1928] DISCUSSION TECHNICAL PAPERS 129 


to gradually extend welding to this complete ship within a few years. 
Our company recently received a request from a customer to build 
an oil tanker with welded shell plates. The reason for this request was 
that every time an oil tanker is docked, thousands of rivets have to 
be cut out. It is believed therefore that when the shell is completely 
welded that this high cost of upkeep will be eliminated. 


Probably the first welded specifications for structural work were 
prepared by Lloyds, and last year the American Bureau of Shipping 
incorporated welding specifications in their rules. The United States 
Navy also has prepared similar specifications. 


From what I have said, you can see the shipbuilder is not asleep. 


Relative to assembly problems, we find that some holes are neces- 
sary, however, as such holes are not required for rivets, they can be 
of ample size and cut out with a torch. 


In our plant today, every one of our engineering departments are 
being trained to design for welding. Mr. Ewertz has said that this is 
our need. We have therefore taken care of it in our own organization. 


Mr. Hobart: Mr. Candy didn’t get my point at all and I don’t blame 
him. I talk so badly—that is the reason. But I said that if I were in 
the steel foundry business, I would have a foundry of greatly de- 
creased size and cost, and as an important part of its equipment I would 
install proper welding appliances. But I would produce steel castings 
at least the equal in size and quality of those made in the foundry I 
superseded, and, thanks to welding, I would be able to deliver these 
large castings at a much lower price than they can be made for now, 
and more promptly. 


And Professor McKibben, following, said he was advising a client 
to go in for rolled stuff as soon as he could, so as to be using the 
cheapest material. The reason cast material isn’t so cheap is not be- 
cause of the material itself: it is because of all the other costs that 
enter before the castings go out of the foundry door. I am going to 
reduce those costs enormously, and in many cases—of course nothing 
is a universal panacea—in many cases, structures embodying steel 
castings will again become competitive. 


Mr. H. A. Woofter, Swift Electric Welder Co.: Sometime ago, | 
was out at the Ford Airport, and talking with a Ford designing en- 
gineer in reference to the all metal Ford plane. In going through 
the structure from end to end, I found very little welding had been 
used in connection with it, and made the inquiry why. One of the 
surprising angles I got which had never occurred to me was that 
there was no accurate data regarding the strength of the welds in 
very low temperatures like will be encountered by Commander Byrd 
when he flies a tri-motored all metal plane over the South Pole, and 
as he encountered when flying over the North Pole. 


We had, recently, the first aircraft show in Detroit that was ever 
held. It was quite surprising to find about forty different makes of 
airplanes, all the way from small ones only about sixteen feet across 
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the wings to the largest made at that time, being Mr. Ford’s all metal, 
tri-motored plane. On the smaller planes, there was a great deal ot 
welding used, especially around the struts and where the tension wires 
are connected on, and on making inquiry I found they had had no 
case of failure of those parts. 


It might be interesting to note that there are sixty concerns in De 
troit making complete or partial parts of airplanes, and that means 
something, when we find sixty concerns in one city, so I think in a 
very short time the airplane industry will grow enormously, and weld- 
ing will also grow with it. 


Now, regarding welding of duralumin frames and members, you 
will recall, perhaps, a terrible disaster that happened about 1920, 
when the large German Zeppelin built after the Armistice, collapsed 
over the Black Forest. Those welds had been made by the gas process, 
but it had never been realized at that time that a weld so made and 
not annealed later, while it would be strong at the time and for 
few days after its making, it would soon deteriorate. After the a 
cident, it was discovered, of course, but too late to help that particula: 
case. It had been found by a series of tests carried on by the Institute 
of Technology at Boston that duralumin and other alloys of aluminum, 
after welding, when properly annealed, will have a final strength i1 
proportions of 56 to 61—not quite as strong as the original metal 
if the welds are not annealed, however, they will deteriorate in two or 
three months to such an extent that you can knock them apart with 
your hands. Perhaps some of the people here can tell us something 
in reference to that. 


Mr. W. A. Slack, Torchweld Equipment Co.: It has been very in 
teresting to me to listen to the different speakers and to note how the 
shipbuilding firms throughout the country are so very interested in 
welding and to learn of the tremendous increase in welding and cut 
ting of metal in that industry since the. war. 


Also to listen and learn what is taking place in the aircraft industr; 
and the tremendous amount of welding being done there. 


Mr. Woofter just said there were about sixty plants in Detroit 
building or experimenting on airplanes, in Chicago I should judge 
there are about thirty such plants, in different towns such as In- 
dianapolis, Philadelphia, Pittsburgh, New York, Buffalo and St. Louis, 
there is a tremendous interest shown in building of airplanes. 


I note that since the flight of Colonel Lindbergh across the Atlantic 
the interest in aircraft has been very great and this interest is gaining 
daily and will continue to do so day by day. We do not want to forget, 
however, the fact that while the airplane engineer is working for one 
company he gets an idea, goes somewhere else and starts building an 
airplane. The human element is involved a good deal in the building 
of airplanes and there must be something done whereby there would 
be an inspection of these airplanes before they are put into service 
by a licensed pilot. 


We presume that everyorle who does welding wants to weld properly 
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The production man wants to get out an airplane which is safe for 
the pilot to use, the pilot wants a plane which is safe and dependable 
in service and it is truly remarkable that considering the number of 
airplanes in operation at the present time and the number of manu- 
facturers who are building airplanes that we have practically no fail- 
ures from welded parts. 


I am thoroughly convinced that welding will go on very extensively 
in all industries where welding is being done providing they all see 
that every weld is made properly. When you realize that previous to 
the war there was not a plant in the country that had more than 
twenty-five torches in operation at one time and now many plants have 
from one hundred to one thousand welding torches in daily operation 
it shows the big increase in this industry. 


Electric welding in plants has also grown and the use of both gas 
and electric welding equipment is tremendous and is being increased 
daily. 


The designing engineer should know and must know that welding 
is here to stay and that he must re-design the parts for welding. 


Chairman Crowe: We would like very much to continue this dis- 
cussion along the lines suggested by Mr. Woofter and Mr. Slack, but 
I think it is only fair that we give Mr. Hague and Mr. Brinton a chance 
to reply to some of the points brought up in the discussion. Mr. Hague, 
do you desire to say anything? 


Mr. F. T. Hague, Westinghouse Electric & Mfg. Co.: From this dis- 
cussion, it is evident that there are two points of view in regard to 
the use of welding. The first seems to be that of the welding engineer 
to whom welding itself is an art, and the second is that of the manu- 
facturer who is concerned primarily with welding as a tool and to 
whom its attractiveness is judged solely from an economic standpoint. 
Welding is attractive if it produces a better product at a lower cost 
or in a shorter time. 


The rotor construction described is so arranged that the centrifugal 
forces of the rotor material are not carried through the welded joints 
of the rotor spider. This has evoked some criticism and a feeling that 
such a construction is not essential. On the smaller size machines, 
the armature laminations are complete circles, and are self-supporting, 
whereas in the larger machines, the armature laminations are seg- 
mental and in the past, their centrifugal loading has been carried 
through the spider arms. By careful designing, it has been possible 
to make an arrangement of these segments, so that they are locked in 
a self-supporting ring and the spider is no longer required to carry 
the centrifugal loading forces. This is obviously an advantageous 
factor from the engineering standpoint in that it lessens the duty on 
the welds in the spider. We find it desirable to eliminate the hazard of 
carrying the centrifugal forces through a welded joint. This does-«not 
necessarily mean that the alternative construction is not feasible. 


Mr. Lincoln stressed the carrying of current through welded joints. 
The statement in the paper to the effect that current was not carried 
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through welded joints, referred exclusively to welded steel parts. This 
practice was adopted for the brush rigging parts, because it is es- 
sential to have equal voltage drops in parallel paths in the various 
brush arms, and it is felt that insufficient data are available to justify 
the passage of current through welded steel parts. In regard to coppe 
parts, it has been common practice for some time, with several manu- 
facturers, to use welded joints. There are, in fact, a number of welded 
copper joints in this particular line of machines. The line of appa- 
ratus described is not the first line to use fabricated parts, but it is 
believed to be the first complete line embodying machines up to the 
largest size that has been completely fabricated. We have had pre- 
vious experience with rolled frames and individual fabricated parts, 
but we have not felt that the situation warranted the complete re- 
design of an entire line of machines to be completely fabricated, up 
to this time. In such a radical change-over, as is involved in a com- 
plete redesign of a line of machines, the designer and manufacturing 
engineer have a heavier responsibility in determining the correct de- 
sign and manufacturing procedure. 


This brings up the question of the investment required to introduce 
fabrication into machine manufacture. The statement was just made 
that the investment for a particular line was approximately 8 per cent 
of the previous investment for a line built of cast parts. We can 
confirm that the investment for tools alone for a complete line of ma- 
chines is very close to 8 per cent of cumulative investment that we 
have had for tools and fixtures for the previous cast line over a period 
of the last fifteen years. The cast line has probably cost over $1,000,- 
000 in tools and fixtures and these have gone into discard because of 
inactivity and because of their not having been designed so as to cover 
a flexible range of ratings. 


The actual tools, however, do not tell the entire story, as there are 
other heavy investments, such as the equipping of the complete roll- 
ing mill. Also, many other manufacturing sections of the factory have 
to be completely revised for a proper manufacturing layout before 
fabrication can begin. 

Mr. R. B. Lincoln: I was just going to say a word about cutting in 
our plant in East Pittsburgh. We thing more or less of cutting or 
electric welding like apple pie and cheese, and as far as we can, we 
try to settle each particular operation on its economical value. 


Now we use a great deal of blanking and nibbling and all the dif- 
ferent devices we know of, and in a general way they are better on the 
thinner parts, but when you get to big circles an inch and a half thick, 
or the shapes of more or less complicated stuff four inches thick, and 
even H sections of four and eight inches, in a good many cases 
the tools couldn’t be economically considered for cutting those as com- 
pared to the gas cutting. 

Chairman Crowe: I think we will allow that to close the discussion. 
The chair would like to entertain a motiom of thanks to the authors 
who came here this morning and presented these papers. 

(Rising vote of thanks extended to the speakers.) 
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Apparatus Upkeep. The Australian Welding Engineer (Sept. 20, 1928), 
Vol. 11, No. 9, pp. 209-210. Where responsibility is direct, blowpipes are 
usually maintained in better condition. 

Are Welded Hangar Less Costly Than Wood or Riveted-Steel Construction. 
Electrical World (Nov. 17, 1928), Vol. 92, No. 20, p. 1003. 

Are Welding, Brief History of. A. Churchward. Heat Treat. & Forg. 
(May, 1928), 14. 522-524. 

Are Welding in Ship Construction. E, D. Lacy. The Welding Engineer 
(November, 1928), Vol. 13, No. 11, pp. 47-48. <A brief record of the progress 
which has been made with welding for construction and repair in British 
shipbuilding circles. 

Are Welding Enters Commercial Building Fields. The Australian Welding 
Engineer (Sept. 20, 1928), Vol. 11, No. 9, p. 202. 

Are Welding Makes Rapid Strides in Structural Field. The Australian 
Welding Engineer (Sept. 20, 1928), Vol. 11, No. 9, pp. 196-201. 

Bending Test on Welded Steel. The Welding Engineer (November, 1928), 
Vol. 18, No. 11, pp. 39-40. Standard I-beams, butt-welded, and with splice 
plate on bottom showed greater resistance to bending than equivalent length 
of the structural member itself. 

Business Building Has Welded Frame. The Iron Age (Nov. 15, 1928), Vol. 
122, No. 20, pp. 1224-1226. Designed for arc-welded steel construction, upper 
Carnegie building in Cleveland presents some unusual features. 

Central Welding Shop Leads to Economies. T. C. Fetherston. The Iron 
Age (Nov. 22, 1928), Vol. 122, No. 21, p. 1284. Modest equipment and re- 
sourceful workmen available for repair, construction or production in all 
metals. 


Choice of Cast Iron Welding Methods. P. L. Roberts. The Welding Engi- 
neer (November, 1928), Vol. 12, No. 11, pp. 33-34. Size and shape of parts, 
preheating facilities, importance of avoiding warping and other factors 
influence choice of procedure and materials. 


Economic Questions in Welding. Elektotech. u. Maschinenbau. (May 27, 
1928), 46. 511-15. 


Electric Arc Welding—Some Examples. The Welding Journal (October, 
1928), Vol. 25, No. 301, pp. 297-301. 


Electric Arc Welding for Modern Construction. Bulletin, Engineering So- 
ciety of Buffalo (October, 1928), Vol. 8, No. 7, pp. 11-13. 


Electric Welding. H. E. Grove. Commonwealth Engineer (March 1, 1928), 
15. 307-310. Serial. (April 2, 1928), 329-336. 


Electric Welding in Bridge Work. A. Ramsey Moon. The Australian Weld- 
ing Engineer (Sept. 20, 1928), Vol. 11, No. 9, pp. 186, 188. New bridges. 


Formula for Working Fiber Stresses. S. W. Miller. The Welding Engi- 
neer (November, 1928), Vol. 13, No. 11, pp. 41-43. Since stresses to which a 
structure is subjected in service cannot be definitely fixed the designer has to 
use judgment in selecting a safety factor. A formula is offered. 


Gas Welding and Cutting. The Australian Welding Engineer (Sept. 20, 
1928), Vol. 11, No. 9, pp. 192-3-4-5. 

How Procedure Control Welding Originated. G. O. Carter. The Iron Age 
(Dec. 6, 1928), Vol. 122, No. 23, p. 1434. Rapid construction of overland pipe 
lines magnified all managerial problems found in production welding. 

How Steel Castings Are Oxy-Welded. The Australian Welding Engi- 
neer (Oct. 20, 1928), Vol. 11, No. 10, p. 222. This work can be done with com- 
plete success if a few simple precautions are taken. 


How to Cut Cast Iron. The Australian Welding Engineer (Sept. 20, 1928), 
Vol. 11, No. 9, pp. 207-208. Step-by-step discussion of the technique to be 
followed in cutting various grades of castings. 
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How to Weld Lead. The Australian Welding Engineer (Oct. 20, 1928). 
Vol. 11, No. 10, pp. 244-6. Low melting point necessitates use of special tech 
nique in blowpipe manipulation. Properties of lead. Welding sheet 
Lead pipe and fittings. Storage-battery work. 

Maximum Allowable Working Fiber Stresses in Welded Structures. S. W. 
Miller. The Welding Journal (October, 1928), Vol. 25, No. 301, pp. 302-3, 313. 

Merchandising a Welding Service. Willis Parker. The Welding Enginee) 
(November, 1928), Vol. 13, No. 11, pp. 45-46. Sending of letters regarding 
specific uses of welding to carefully selected lists brings better results than 
general letter. 

Modern Methods of Fabricating Bronze Screens. The Australian Welding 
Engineer (Oct. 20, 1928), Vol. 11, No. 10, p. 223. : 

Oxy-Acetylene Welding in the Aircraft Industry. J. B. Johnson. Airway 
Age (December, 1928), Vol. 9, No. 12, pp. 56-70. One of the important prob 
lems is to select the proper joints design for different parts of an airplane. 

Oxy-Electric Underwater Cutting. L. Hagglund. The Australian Welding 
Engineer (Oct. 20, 1928), Vol. 11, No. 10, pp. 217-218. Sheet steel piling 
readily removed fifty feet below surface by combination of electric-are and 
oxygen jet. 

Rigid Track Construction in “St. Jo.” F. E. Henderson. Electric Trac 
tion (November, 1928), Vol. 24, No. 11, pp. 581-582. Interesting methods of 
the St. Joseph Railway, Light, Heat & Power Company in laying track with 
steel ties and butt-welded joints. 

Stresses Induced by Are Welds. The Iron Age (Dec. 6, 1928), Vol. 122, 
No. 23, p. 1429. 

Subaqueous Conduit Built Without Unwatering Site. Engineering News 
Record (Nov. 15, 1928), Vol. 101, No. 20, pp. 734-735. Concrete sheet piling 
sides of 400-sec. ft. intake carried above water level so cover could be built 
in the dry. 

The Flame Must Always Be Neutral. The Australian Welding Enginee1 
(Sept. 20, 1928), Vol. 11, No. 9, p. 210. By checking it every now and then 
the operator will help himself make good welds. 


lead. 


The Lighthouse Down to Date. John Mappelbeck. The Australian Weld- 


ing Engineer (Oct. 20, 1928), Vol. 11, No. 10, pp. 236-41. An automaton takes 
the job the old keeper no longer wants. The passing of the light-keeper. A 
farm boy’s inventions. The wandering buoy. Practical fancy work. An 
automatic foghorn. 

The Welding of Ice Rink Freezing Pipes. The Welding Journal (October, 
1928), Vol. 25, No. 301, pp. 304-5. 

Training Welders. The Australian Wélding Engineer (Sept. 20, 1928), 
Vol. 11, No. 9, pp. 204-6. 

Two Welded Structural Jobs. The Australian Welding Engineer (Sept. 20, 
1928), Vol. 11, No. 9, p. 200. 

Unusual Pipe Welding in Naval Construction. F. G. Crisp. The Welding 
Engineer (November, 1928), Vol. 13, No. 11, p. 49. 

Oxy-Acetylene Welded Piping for Residence Installations. G. B. Moynahan. 
The Australian Welding Engineer (Sept. 20, 1928), Vol. 11, No. 9, pp. 182-5, 
199, 201. Welded piping suitable for buildings. Simplicity of welded joints. 
Design features. Difficulties easily overcome. Welders easily trained. Many 
advantages in welded joints. 

Welding Facts and Figures—30. D. Richardson and E. W. Birch. The 
Welding Journal (October, 1928), Vol. 25, No. 301, pp. 294-6. 

Welding in Metallurgical Plants, Use of. E. Hinderer. Archiv. f. d. Eisen- 
huttenwesen (August, 1928), 2. 87-89. 

Welding of Stainless Steel by Quasi-Are Patent Electrodes. The Australian 
Welding Engineer (Oct. 20, 1928), Vol. 11, No. 10, pp. 219-220. 


Welding Saves Steel Poles. Electric Traction (November, 1928), Vol. 24, 


No. 11, p. 584. Electrical department of Chicago Surface Lines reclaims 
badly bent steel pole by welding. 

Welding Structural Steel. H H. Marsh. The Australian Welding Engi- 
neer (Sept. 20, 1928), Vol. 11, No. 9, p. 181. 
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YOU CAN DO IT BETTER WITH TRewitp 


if 





Write for Catalog No. 28 


Nie 
Torchweld patented safety fea- 
tures are positive and protect your 
operators. 

Torchweld Equipment cuts labor 
and gas costs, also upkeep expense. 
This same safety and dependable 
service are available to you. 


TORCHWELD EQUIPMENT COMPANY 


224 N. Carpenter St. 


Chicago, Illinois 














which can be economically used on 
the new Welded Spoke Lincoln ard 
Ford Wire Wheels. Elkonite welds 
are strong. Hard copper and vari- 
ous alloys fail at once but Elkonite 


ELKONITE WELDS 

ON EVERY LINCOLN WHEEL! 
Elkonite is the only welding material 
. 
5. 


dies give 10,000 perfect welds an 
outstanding success in the history of 
welding! 

Let our engineers show you how 
Elkonite can be used effectively in 
your field also—no obligation 


~ 








ELHON, 


Division of P. R. Mallory & Co., Inc. 


Inc. 
350 Madison Ave., N. Y. C. 














If You Want to Know Why 


: 9EGD 


service Operates 


0.6 27.10) 38 OB Dd 


more satistactory 
h a lower gas cost. Costs les > maintain 


in any other equipment~ 


Write for Booklet - “FACTS” 


THE BASTIAN-BLESSING CO. 
252 E. 


Ontario St. Sitter 














Vision Protecton With 
ESSENTIALITE 
glare proof welding glass 
Made from a special glass that 
FILTERS the GLARE, producing 
a softer and more comfortable 
vision 
ESSENTIALITE LENSES ARE 
SCIENTIFICALLY CORRECT, for 
Electric Welding there are none 
better—they positively aid in con- 
serving the eyesight of those who 
are subjected to welding glare 
Manufactured by 
CHICAGO EYE SHIELD 
COMPANY 
2300 Warren Ave. Chicago, til. 
We make a full line for the face 
and head protection of the Welder 
Hand Shields. Helmets 
Sand Blast Helmets 
Goggles and Glass 
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TRE 


FLECTRONI 
TORNADO 


A process of automatic arc welding which rep- 


resents a distinct advance in the welding art 


, | ‘HE Electronic Tornado Process of automatic carbon arc welding is 
now available for manufacturers of tanks, boilers, steel pipe and any 
products where steel is to be joined to steel on a production basis. 


Welds made by this process develop greater strength and are more ductile 
than welds made by any other commercial process. Welding speeds are 
greater than by other welding methods, and this process is adaptable for 
either light sheet or heavy plate. 


Since welding speeds are high the cost per foot of weld is low. On 43’ 
plate the rate of welding is 25 feet per hour and the cost is lower than by 
any other known method. 


The crystalline structure of welds made by the Electronic Tornado 
Process is remarkably fine and uniform and the metal in the weld is actually 
superior to the parent metal. 


Microphotographs of sections through the fusion zone show a gradual 
transition from the crystalline structure of the parent metal to that of the 
weld metal. In no place is the metal weakened by the welding process. 


Space does not permit a description of the process itself. However, a 
descriptive bulletin covering the Electronic Tornado is available and will 


be sent on request. 


Vice-President and General Manager 





THE LINCOLN ELECTRIC 
CLEVELAND COM DANY OHIO 


Our Advertisers Are Supporting the Society 
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She “SWEDOX LINE” of 


WELDING RODS — WIRES — SUPPLIES 
CARBON PLATES — RODS — PASTE 
WELDING ELECTRODES and 
GRAPHITE DISCS 


IN ADDITION TO A COMPLETE STOCK 
OF WELDING SUPPLIES WE ALSO 
CARRY A COMPLETE STOCK OF HOT 
ROLLED AND COLD FINISHED STEELS 
OF EVERY DESCRIPTION. 


Gxtral Steel & ite (ompany 





4545 S. Western Blvd. East Monument Ave. 5001 Bellevue Ave. 

Chicago, Iil. Extended Detroit, Mich. 

Lafayette 8500 Dayton, Ohio Whittier 6780 
East 150 











SEAM 





GIBB WELDING SERVICE EMBRACES 


First—A complete line of Electrical Welding Equipment, making possible the best 
type machine for the job, taking all facts into account. 

Second—Welding Engineers who quickly recognize the nature of a job, and who 
from experience and an intimate knowledge of our complete line are in a position 
to determine the best solution. 


Third—An up-to-date factory capable of following out the ideas of the engineer 
and his client. 

Fourth—lInstaliation Engineers of experience with welding machines and their appli- 
cation to production. 


Tell us what you want to weld—let us give you the benefit of our experience. 
Experience is the saje director. 


GIBB WELDING MACHINES CO. - _ Bay City, Michigan 


Manvracturers or ARC, SPOT, SEAM, BUTT any AUTOMATIC ELECTRIC WELDING MACHINES 
New York - Philadelphia - Cleveland - Cincinnati ~ Detroit - Chicago - St. Louis - Los Angeles 
Terente - Montreal 
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NITRIC ACID TOWERS 
made of Chrome Alloys 
Are Being ELECTRIC WELDED 


with Wilson Machines 


ERE is one of the Nitric Acid Towers. 
: made of non-corrosive chrome alloy, 
which Industrial Welded Products Co., 
inc., Newark, N. J., is fabricating entirely 
by electric welding—and exclusively with 
Wilson Welding Machines! The welds in 
these tanks not only exhibit extraordinary 
strength and ductility, but also show re- 
sistance to corrosion equal to the chrome 
alloy plates which they join! 


These welds are uniformly sound and 
homogeneous. They can be ground flush 
and given a high polish. Their tensile 
strength equals at least 90% of the ten- 
sile strength of the plate itself, and they 
actually exceed the elastic limit of the 
plate. - In ordinary use, they have resisted 
nitric acid of all concentrations, up to 
185°F., and under pressure. 


Nitric Acid Tower, fabricated This work conclusively demonstrates the 
from Chrome Alloy plates by close current control that can be secured 
These FEE a yin —a with the Wilson Welding Machine—a 
ing produced by Industrial current control so close, so stable, and of 
Welded Products Co., Inc. such value, that special alloys can be 
a wnt J ae welded without losing the effect of their 


essential elements in the weld. 


Send for Bulletins describing all the 
Wilson Model S Welding Machines 


WILSON WELDER & METALS CO., IN¢ 16 WILSON BLDG., HOBOKEN, N. J 


WILSON 


WELDING MACHINES AND WELDING WIRE 


sdevrrtigerg Are Sumparting the Sarietu 
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” Mounted on automobile wheels. GAS ENGINE DRIVEN 


dent Easy to maneuver — eliminates 


















loading and unloading at each No Retccmme deities 

x£ job. Solidly set and low swung | Bulletin AWS12 describing 
«-— will travel over any road. porated te this machine 
Has a quick arc that is hot the mo- —— ee Ss oat fe Gen 
ment it is struck. No “babying” , SINGLE 


is necessary while the motor picks @ 


up the load. 
. An automatic governor keeps the 
." motor speed constant. Con- 


tinental Motors of sufficient power 
—23 h.p. for the 200 ampere 
Fuzon Arc Welder and 40 h.p. 
for the 300 ampere set—assure 
a dependable and full power sup- 
ply. 

CHIcaco Stee. & Wire COMPANY 


Fusion WeLoiwnc Division 
FUZON Are Weiders — RieliLiLP Weiding Rods 
183rd Street and Torrence Avenue  Chicagn 











THERE IS EXCELLENCE 


IN WORKMANSHIP 


WHERE 


SKILL AND GOOD TOOLS MEET. 


PUROX 


WELDING AND CUTTING TORCHES 
REGULATORS, WIRE AND SUPPLIES. 


DENVER PLIRLIX COMPANY ~~ coLo. 


BRANCHES IN ALL PRINCIPAL CITIES. 


WBQB 
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More Single Operator Welder 


is 2) 





Right 200-ampeare 
Ga Kang ine Driven 
Welder 
Left 300-ampere 
1 Welder 
Below —200, oo 
and 100 ampere 
‘ Le. Welders 














Join This Group 


ONSISTENT with the policy to supply modern 
welding machines for modern arc welding, West- 
inghouse has recently placed additional single-operator 
sets on the market. The latest welding sets offered are 
the 200 and 300-ampere d-c.—d-c. machines, and the 
200-ampere gas engine driven sets. These, with the 
a-c.—d-c. sets shown, complete the Westinghouse line 
of single-operator welding machines. 


All the speed in operation, all the efficiency over the 
entire operating range, and all the stability that char- 
acterized Westinghouse welding sets in the past, are 





Arc embodied in these machines--PLUS new mechanical 
: features that make for low maintenance costs and in- 
Welding creased production. 
Data Westinghouse also offers automatic welding machines, 
multiple operator equipment, and a complete line of 
Separate series of bul- welding accessories. 
letins are available for 
Executives Westinghouse Electric & Manufacturing Company 
. ast Phitsbur ennsylvania 
Engineers ~ "See tacn aiieaimeael 


the United States and Forngn Countnes 


estinghouse 


Our Advertisers Are Supporting the Society 


Production Men 
Welders 
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5° 
\e 


. Money Saved by 
. Repair-Welding 






| with 
TOBIN BRONZE 


Reg U.S. Pa Off 


ae 


bc 


T* gate valve illustrated was con- 
signed to the scrap heap as the 
available means for making repairs were 
considered too costly and the results 
questionable. 


Gate valve which had been 
scrapped. Tobin Bronze welded 
and returned to service. 


~~ e . 
~ < ut. oe 


need 


An experienced welder who happened 
to be in the plant saw the valve and 
reported that he could Tobin Bronze 
: Weld it at a nominal cost. 


was cracked clear around was welded 
with Tobin Bronze by the oxy-acetylene 
process without special pre-heating. It 
was returned to service as good as new, 





The cast iron body of the valve which 
8 
a 


at a fraction of its original cost. 
AN waConDA .. Many manufacturers are saving money 

Le by repair-welding broken parts with 
Tobin Bronze. Other concerns are using | 


b i 
Thhone to  extieite Annesnde Piller ' Tobin Bronze Welding to improve the 
Rod for every welding purpose. The ' - 
principal Anaconda Welding Rods, 3: quality of manufactured products and to 
ith thei: Lei ints, are listed 4 : . 
—a— CC ‘+ reduce production costs. Tobin Bronze 
dev écipemstelene walling a» Welding Rods may be obtained from 
Tobin Bronze 1625°F s. distributors of welding equipment and 
Manganese Bronze 8" # P " . 
Brazing Metal ee .. supplies. The name “Tobin Bronze” is 
Deoxdized Copper 1981°F 5 : 
eer ood we ¥ stamped in every rod. 
A. B. Naval 1625°F oy 
2 ll —_ | THE AMERICAN BRASS COMPANY 
f ldi 5 GENERAL OFFICES. WATERBURY, CONN 
‘or arc welding _ 
Phoewhor B — Offices and Agencies in Principal Cities 
Everdur 1866°F ‘ Canadien Mill: ANACONDA AMERICAN BRASS, LTD 
Ambrac 2102°F New, Toronto, Ontario 


Deoudized Copper . 1981'F 


| ANACONDA | 


,; COPPER 2" BRASS — | 
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Six new reasons 
for buying 


Prest-O Lite 


DISSOLVED ACETYLENE 


Tre FACT that Prest-O-Lite could be 
readily obtained direct from plants or 
warehouses in most of the industrial centers 
of the country has been one reason for its 
tremendous success. 


But the nation-wide demand has been 
steadily growing. To keep pace with this 
increased business, six new manufacturing 
plants have been placed in operation during 
the past year. 


And now, with a total of 35 plants and 
100 warehouses, Prest-O-Lite is equipped to 
render industry even greater service. 


THE PREST-O-LITE COMPANY, Inc 
Une of Union Carbide TTT ond Corton Corporation 


Generar Orrices: Carbide and Cerboa Building 
30 Bast 42d Street, New York 








a aka PLDI A CSIC, 2 AIL EF AEA 
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al 
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Duplex Balance Seal Type Low Pressure 
Generator. Entirely automatic in - 
tion. Length, 184, ft. Height, 11 ft. 10 in 





Carbic Low Pressure Generator Type B 
Height, 52 in. Weight, empty, 75 Ibe 
Suitable for all cutting operations and 
any but the heaviest welding and hest 
ing jobs. 

















A complete line of 
acetylene generators 











eT aD 














With 6 different types and 13 different 

capacities, Oxweld can supply the right gen- sure or medium pressure, there is an 
erator for any requirement. Oxweld gen-  Oxweld generator that will fit your special 
erators vary in size from the smallest ¢eds- 

portable Carbic type with a charge capac- Thousands of these Oxweld acetylene 
ity of 20 Ibs. to the largest stationary generators have given more than 10 years 
Balance Seal generator which holds 1000 of reliable and economical service to all 
Ibs. of carbide. kinds of industries 


Whether you use acetylene for welding Write for the new Oxweld catalog 


and cutting only occasionally or for steady OXWELD ACETYLENE COMPAN 

; , ; Usts of Uniow Carbide and Carbon Corporation 
production work, whether you require be New Yours Crry, © E. 42d S UCC! San Prane . 
small portable supply or a large permanent CHICAGO, Peoples Ges Bids Adam Grant Bids 


In Canada, Dominion Oxygen Company. t bore 


installation, whether you prefer low pres- STOCKS IN ® CITIES 





WELDING & CUTTING APPARATUS 
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“Who is that man?” 


“This is Mr. Robertson, Consulting Engineer 
of The Linde Air Products Company,” said the 
Chief Engineer. 

“When we found that our latest alloy re- 
quired an entirely new procedure for welding, 


we called the Linde Company for help. They 


submitted the problem to their Research* Lab. 


oratories, who have worked out a way to weld 
this new alloy successfully. 


“Mr. Robertson has furnished us with what 
they call a Procedure Control—detailed instruc- 
tions for doing the work. These are specimen 
welds made by their new method. We've just 
finished testing these coupons for tensile strength. 
Every one broke outside the weld at a figure 
far beyond our maximum requirements.” 


H' 


NDREDS of practical and the« 


retical problems involving the 


Oxy-Acetylene process are constantly 


being 
and ¢ 


studied in the Union Carbide 
atbon Research Laboratories 


The results of these studies as well as 


help on any special problems tha 


may « 
custo 


Servic 


of the 


ome up are available to Linde 
mers through Liode Process 
¢. Linde Process Service is ore 


reasons that Linde Oxygen is 


the leader in its eld 


THE LINDE AIR PRODUCTS COMPANY 


ast of Union Carbede (YEG 20d Carbon Corporation 


General Offices, Cattude sad Carbon Building 


54 Pl 


50 East 42d Sereet, New York 


ANTS - $9 WAREHOUSES 


LINDE OXYGEN 


Our Advertisers Are Supporting the 


Socte ty 
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Roebling 


N the large important steel works; 
shipyards; industrial plants; mines; 
automobile shops; railroad shops 

and repair shops Roebling Welding Wire is 
demonstrating its efficiency and reliability. 
Roebling Electrodes are positively uniform 
throughout the same shipment and through- 
out all shipments. 


John A. Roebling’s Sons Company 


Trenton, New Jersey 


Re Be bline ¢ 3 Waist \ Wire 
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This new welding process the latest of 
General Electric’s long list of contri- 
butions to the welding industry— is attract- 
ing widespread interest. 

The atomic hydrogen arc welder welds 
metals and alloys hitherto considered 
unweldable. 


It welds thin metals—as thin as .005 inch. 


It produces smooth, ductile welds. 


It is simply constructed, mechanically and 
electrically. 


It is safe and easy to operate. 


; / At It is available for hand operation from 
tea i / o Ps 60- or 50-cycle, single-phase circuits. 
ag ore H hown installati he Crosl 

- ‘re are s Stallations at the Crosby 

MORE YoU ra lere are shown ins ti 

are a Co. of Buffalo and the Taylor Instrument 
aa 


Co. of Rochester. 


WELD Address all inquiries to your nearest 
| ; 


THE MORE You SAVE G-E office. 


$30-44D 
GENERAL FLECTRIC COMPANY, SCHENECTADY. N . SALES OFFICES IN PRINCIPAL CITIES 
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Si;maits 


RED 


DRUM HOUSE LIGHTING - MINERS LAMPS 
ts OxXy-ACETYLENE WELDING and CUTTING 











K-G AceryLeNe RecuLaATorR K-G Oxycen Re&GULATOR 


3 





K-G Curtinc Torcu 


Gas Welding and Cutting Equipment 
and Supplies 


K-G WELDING & CUTTING CO., Ine. 
515 West 29th St. N. Y. City 
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THERMIT WELDING 


Proven, inexpensive, 


practical, and simple Railway 
in its application to all Steel Mill 


classes of work involv- 


ing the repair of me- Railroad 


dium and heavy size 


sections of iron and Marine 
steel, °° 
Mining 


Quarrying 
General Industrial 


Metal & Thermit Corporation 
120 Broadway, New York, N. Y. 


So. San Francisco, Chicago, Pittsburgh, 
Boston, Toronto 














BOUND VOLUMES 


The Bound Volumes of the Journal for the year 1928, in 
attractive black imitation leather covers, are now available 
to the members at $5.00 per volume and to non-members at 
$10.00 per volume. The Bound Volume includes a Subject 
and Authors’ Index. 


Place your orders at once. 
A few copies still remain for the years 1923 to 1927, 
inclusive. 


JOURNAL BOUND VOLUMES 


Members of the Society who desire to bind the individual 
issues of the Journal in permanent book form with black 
imitation leather covers may do so by sending copies of the 
twelve issues to Thomas Russel & Son, 461 Eighth Avenue, 
New York, N. Y. 

A charge of $1.50 will be billed directly by the American 
Welding Society. 

This arrangement expires January 15, 1929. 
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Now—while you are making plans for better welding at lower costs 
in 1929, it will pay you to investigate Page-Armco Welding Wire and 
Electrodes. 


A careful test will show you that this carefully processed, flame- 
tested and shop-tested wire @ives better welding results at less cost. 
There is a grade for every need—each plainly marked for easy 
identification. 


Write for test sample and complete information—TODAY. 


PAGE STEEL AND WIRE COMPANY 


Bridgeport, Connecticut 
District Offices: Chicago, New York, Pittsburgh, San Francisco 
An Associate Company of the American Chain Company, Inc., 
Bridgeport, Conn. 


In Canada: Frost Steel and Wire Co., Hamilton, Ontario 


PAG RMCO 


Mm. 
Flame-Tested P R O  & | Any & ED Shop-Tested 
Welding Wire and Electrodes 


















AIR REDUCTION | | 
SALES COMPANY | | 


MANUFACTURES AND Distriputes 


Airco Oxygen, Airco Acetylene 
Airco-Davis-Bournonville 
Welding and Cutting Apparatus 

National Carbide | 











Baltimore Dayton Oklahoma City 
Birmingham Detroit Philadelphia 
Boston Emeryville, Cal. Pittsburgh 
Buffalo Jersey City Richmond 
Charlotte, N. C. Los Angeles St. Lonis 
Chicago Milwaukee Seattle 

Cleveland Minneapolis Wheeling, W. Va. 


And 110 Distributing Stations 


HOME OFFICE, 342 MADISON AVE., NEW YORK CITY 














